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RELATED APR 0001] This application clains prio
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June 16, 2005, which are incorporated herein by reference in their
entirety. BACKGRG\M h i ates
generally to co megﬁ)mﬁ i‘ﬂ%q@%@ﬁfﬁ%@@ for
Wi rel ess communi cat i cNETW(E«Kg“ﬂiBH EXTENDEIDRANEHuni cat i on

networks are w dely deployed to pr ovi de various comunication

_services such as data and so o ese ne rks
include wreless w @&Q&Eﬂi&‘l@ TW&‘}T&% BLM@E&Q

conmmuni cat i Qmﬂl?Ver"ﬁﬁﬁaﬁpﬁEadoﬁrch Ngﬁél&g@d?@‘s? P@cws}‘ﬁénaﬁ ?a@nbAﬁiht:ht?o?l)Senal

wirel ess | ocal area networks rovid conmmuni cati on

coverage fomMNareeinos ﬁzéllflj’ea@eabh? 5ar3@dsU(Se ]@OVISIQWIﬂpPlg@ﬁ%Ih§eﬁa1 No.
canpuses) . 2fbottbE AL RAR" f1098hs, At RS ,}gﬁ&lgém(e\m?éﬂ btyrﬁ%ﬁer&fc@{h ir
comruni cation coverage or smal I" geographi c*ar eas

wirel ess netewiitely.typically includes one or nobre access points (or
base stations) that support communi cation for one or nore user
termnals (or wireless devices). BAC R 2.11 is a famly of

st andards devel oped by The Institute of Electrical and Electronics
Engi neers (MEEE) Ffetd W.ANs. These standards specify an over-the-air
interface bi&ﬁﬁen an access point and a user term nal or between two
user termin | B8 BfesFgodisclosure) geleregepsrally (19 capmpnigationggad 1mose
whi ch i's entpdcteiny RAT fecdiver forMir @b $8mbAMcMagl, um Access Control (MAC)
and .Physi cal” Layer  (PHY) Specifications,” supports data rates of 1
and 2 nega bits/second (Mips) in the 2.4 gigs Hertz (GHz) frequency
band using &Lt heBaékgfqnmhcy hoppi ng spread spectrum (H SS) or direct
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wireless wide area networks (WWANs) that provide communication coverage for large

geographic areas (e.g., cities), wireless local area networks (WLANS) that provide
communication coverage for medium-size geographic areas (e.g., buildings and
campuses), and wireless personal area networks (WPANs) that provide communication
coverage for small geographic areas (e.g., homes). A wireless network typically
includes one or more access points (or base stations) that support communication for
one or more user terminals (or wireless devices).

[0004] IEEE 802.11 is a family of standards developed by The Inst1tute of Electrical
and Electronics Engineers (IEEE) for WLANs. These standards specify an over-the-air
interface between an access point and a user terminal or between two user terminals.
IEEE Std 802.11, 1999 Edition (or simply, “802.11%), which is entitled “Part 11:
Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY)
Specifications,” supports data rates of 1 and 2 mega bits/second (Mbps) in the 2.4 giga
Hertz (GHz) frequency band using either frequency hopping spread spectrum (FHSS) or
direct sequence spread spectrum (DSSS). IEEE Std 802.11a-1999 (or simply,
“802.11a™) is a supplement to 802.11, uses orthogonal frequency division multiplexing
(OFDM) instead of FHSS or DSSS, and supports data rates of up to 54 Mbps in the 5



2 GHz frequency band. MEE Std 802.11b-1999 (or sinply, "802.11b") is
anot her supplenent to 802.11 and uses DSSS to support data rates of
up to 11 Mops. | EEE Std 802.119g-2003 (or sinply, "802.1lg") is yet
anot her supp? W& 802. 11, uses DSSS and OFDM and EG@H@%WO%%&Ia
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processing for a third stage. The signal detection for each stage

may further %@fﬁéﬁlﬁRﬂoﬁé‘éIbbg%?ehl%& an adaptive threshold that is _
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that detection performance Is [ess sensitive to recelived Signa
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of all three stages. [0008] In an aspect of the first stage, input

sanples at a receiving station may gwkiad with a code sequence
to generate despread synbols. Produ pread synbols are then

generated f I : I : = I - ) .
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good detection performance. In an embodiment, signal detection is performed using
time-domain correlation fér a first stage, frequency-domain processing for a second
stage, and time-domain processing for a third stage. The signal detection for each stage
may further be performed based on an adaptive threshold that is derived based on the
received energy for a window of symbols, so that detection performance is less sensitive
to received signal level. The presence of a signal may be declared based on the outputs
of all three stages. '

[0008] In an aspect of the first stage, input samples at a receiving station may be
despread with a code sequence to generate despread symbols. Products of despread
symbols are then generated for at least two delays, e.g., 1-symbol and 2-symbol delays.
Correlation between the products for each delay and known values for that delay is

performed. The correlation results for all the delays are then combined, e.g., non-



3 coherently or coherently for multiple hypothesized phases. The
presence of a signal and the timng of the signal may be deternined
based on the conbined correlation results. [0009] In anogther ﬁ@ ,
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[0012]  FIG. 1 shows a transmitting station and a receiving station.

[0013]  FIG. 2 shows a transmit processor at the transmitting station.

[0014]  FIG. 3 shows a PPDU structure used by 802.11b/g.

- [0015] FIG. 4 shows a receive processor at the receiving station.

[0016] FIG.5 showg a first detection stage and timing acquisition unit.

[0017]1  FIG. 6 shows a second detection stage and frequency acquisition unit.

[0018] FIG. 7 shows a third detection stage and channel estimation unit.

[0019] FIG. 8 shows a phase correction unit.

[0020] FIG.9 shows a process for performing signal detection for the first stage.

[0021]  FIG. 10 shows a process for performing signal detection with multiple stages.

[0022] F.[G. 11 shows a process for receiving a transmission.



instance, or illustration.”™ Any enbodi nent or design described herein
as "exenplary" is not necessarily to be construed as preferred or
advant ageo gvg)' ot her enbodi nents or designs. [0024] FIG 1 shows
a bl ock di 3’8‘? ISPY transmitti ng station 110 and a recgﬁ’iUﬁamm()s“
station 150 in a wireless network 100. Transmtting station 110 is
equi pped with a single antenna and may Be an access poi nt or a user
termnal. Receiving station i : A ltiple (e.g., R =
2) antennas and nay al so be ?&E%%@%WW@% termnal. In

general , eac}0033]at i The Wayd [fexceaplirpPag wibd RerdiY toHBRE Fsfind s SANBSmple,
that may be _used for data fransm ssion and reception. An access
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out put chi pglﬁg?%%ltepnrngggg a8 Do 3 gesh Baint ong Bﬁ?éiegﬂ“a&ﬁeceivén%ggtm }8ds
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chips and g Ffé‘?“aaﬁ;’&“ 8o upach SHUOR maay-e eqpinped Wik any Aivaber phentennas that
ant enna 134.mdy08k26kd Abr da@C@ANdmGiohtAlIreRpiaD: AR 28RLEPRASIS %égﬁ'aﬁ\)héﬁ%&h
pr ovi

152r receive the transmtted signal, and each antenha 15 es a
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processor 160.. i 1.6 rocesses the input sanples
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conpl enent af§025p t Wt fansmétisg wgtipe 110r medndmit proaassi 130 Rcoivas §offic IRt

and provi des_decqded data.to a data sink 17Q0. The decoded data is an
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at transmitt ation 150, respectively.

(%n%i statjon 110 and receiVvi nlgrs
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and/ or 802. sigpal, Wiioh B1gpnpmitted via an antenna 134.

[0026] At receiving station 150, R antennas 152a through 152r receive the
transmitted signal, and each antenna 152 provides a received signal to a respective
receiver unit (RCVR) 154, An antenna may also be referred to as “diversity”, and the R
receive antennas provide a diversity order of R. Each receiver unit 154 processes its
received signal and provides a stream of input samples to a receive processor 160.
Receive processor 160 processes the input samples from all R receiver units 154a
through 154r in a manner complementary to the processing performed by transﬁ;it
processor 130 and provides decoded data to a data sink 170. The decoded data is an
estimate of the traffic data sent by transmitting station 110.

[0027] Processors 140 and 180 direct the operation of the processing units at
transmitting station 110 and receiving station 150, respectively. Memory units 142 and

182 store data and/qr program codes used by processors 140 and 180, respectively.



backward. conpati ble with 802.11b and supports all of the operating
nodes defi ngg by 802.11b. Stations 110 and 150 may further support a
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generator 210, a DSSS transmt processor 240 for 802.1lb/g, a DSSS
transmt processor 250 for the range gyfgnsion node, and a
mul ti pl exer (Mux) 270. [0032] Pil ot gener at or 210 generat es a pilot

hat kb on') ’II h/n
ich is als [ ed ence)THor—both —3Hb
tha the r ange OB, ol BeB G Foflb Kot | Aopinant) Soreasine aEfi}ﬁmﬂy
mapper 214 r%():ei ves i Ianbbsts, Wﬁ&&th(‘SQ}QFSK tp npdy§atijon gy S

)S p

based on B ovr S prjfot—synbolrs—to—a—spreader—214—As -we.d_
]1915 nodulis on | syiHBBSK f of pDSSS 4 dalitisym

25

herein, a pilot synho
symbol is mﬁgrlféeat ilon 1SMBPsD| for ¥ 2006/33psR2 [PCTHESL008] q£b%9§y%n i
extension 500 Kbps 172 DBPSK DSSS 0.5 bit/sym
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[0030]  For clarity, in the following description, the term “bit” refers to a quantity
prior to modulation (or symbol mapping) at the transmitting station, the term “symbol”
refers to a quantity after the symbol mapping, and the term “chip” refers to a quantity
after spectral spreading. The term “sample” refers to a quantity prior to spectral
despreading at the receiving station. . »
[0031]  FIG. 2 shows an embodiment of transmit processor 130 at transmitting
- station 110. Transmit processor 130 includes a pilot generator 210, a DSSS transmit
processor 240 for 802.11b/g, a DSSS transmit processor 250 for the range extension
mode, and a multiplexer (Mux) 270.
[0032]  Pilot generator 210 generates a pilot (which is also called a preamble or a
reference) for both 802.11b/g and the range extension mode. Within pilot generator
210, a symbol mapper 214 receives pilot bits, maps these bits to modulation symbols
based on BPSK, and provides pilot symbols to a spreader 216. As used herein, a pilot

symbol is a modulation symbol for pilot, a data symbol is a modulation symbol for



traffic data, a nodul ation synbol is a conplex value for a point in a
signal constellation for a nodul ation schene (e.g., MPSK or M QAM,
and a synbql is an conpl ex value. Spreader 216 spectral_lgéy sopreads
the pilot NYAYPL%NA provi des output chips. Wthin spPERYEI0eR%541,
pseudo-random nunber (PN) code generator 222 generates a PN code
sequence. In sone enbodi nents, this may gl so be called a Barker
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synbol mappi gugtﬁ .and spectral spreading for the range ext ensi oP

Wt hin procdERLisn sga SarhapgcobhiGdadaagst paicef \lésredaltsamm plsasé ohange of
traffic datggoenggd t accor a WI t h a FEC_codi ng
schene, and pr o%geg%%de tﬂqﬂ & E‘Q 666373 %61@'2@@3&

embodiments, a symbol mapper 244 maps the dlfferennally-encoded bits to modulation
symbols based on BPSK for the 1 Mbps data rate and based on QPSK for the 2 Mbps
data rate. However, other modulation schemes for the rates may be utilized. Symbol
mapper 244 provides BPSK modulation symbols at a rate of 1 Msps for the 1 Mbps data
rate and provides QPSK modulation symbols at a rate of 1 Msps for the 2 Mbps data
rate. A spreader 246 spectrally spreads the data symbols from symbol mapper 244 and
provides output chips for the traffic data.

[0034]  DSSS transmit processor 250 performs forward error correctionr (FEC)
encoding, symbol mapping, and spectral spreading for the range extension mode.
Within processor 250, an FEC encoder 252 receives data bits fof traffic data, encodes

the data bits in accordance with an FEC coding scheme, and provides code bits. FEC



7 encoder 252 may inplenment a convolutional code, a Turbo code, a

| ow-density parity check (LDPC) code, a block code, sone other code,
or a conbination thereof. A repeat/puncture unit 254 may either
repeat or PUREWHIBSome or all of the code bits to obt BFHUBHA6/020541
desired code rate. An interleaver 256 interleaves or reorders the
code bits based on an interleaving schefmre. A differential encoder
262 per f or neerdbdidr @58 Midyaikmpldns@ di BFv |qat aved bits .e 0., .
for DBPSK or SK._and provi des - d) IeJrngﬁﬁd% ?;ﬂl enc g%aa{% fdensify parity
synbol nappefhe &UP@& cdte adblpele eeds; iseint yotiemawde dorbi tcembinatic diekedFi O
synbol s basegsQirgnciRduh@bk® 3,56 e.d., BPSK or SE. A spreader
266 spectral I%J/_slp))recad_s tﬁegdg%ai %@%%P%a@wﬁ?@gfﬁﬁwe%ﬁ &Y thesopdg hits to
provi des outbiie thehdesised codetrhte. t Amirftericatient 256 SRIBARE 08 refA@ra B 286 bits
may each be y.onf t. Lh. the sane er .as spreader 216 and may
spread each élggt-tll a&g?{rqrﬁggﬂ\?ﬁvtnfg f%ﬁ%1-é@%gf%3§m0%ﬁgnwms Géfiferentiab
11 out put clenpsliigoront hist intatleavey Nkiey . e.f 03P DABSKI B 7Q. Lecei Ves
t he out put 10 and DSSS ??gﬁ%%i '([%n& 51%” S

)| f ilot. t
processors %e%%}’i@hggﬁ‘?oldﬁg %{;? Sggsg’%l?&r BaRnsn 264 mapsthe diffarérsiaientodad bits

the appropro ah®lul-tHes, oM oS N from ess 40
if the 802.11b/ ungde Siygib se%ic% tggea gﬁ#é‘mé?“é‘?/%‘%?‘ef ﬁég"og% %@t orcﬁrrpéé' A
from proces §B‘iea‘%56 ¢ speetiallyr sprrgds Girtdaiasymholyfiven synbos slapet 264 a 3% Hes
For | EEE 8023uibd i e iy cess control (MAQ) .
| ayer as Mﬁgjpp$ %Ht;%t:%lr k%a‘?%fﬁgﬁlﬁtt%'s q;(P ;\%B%% )@gg ég\@]ﬁg GrSt By %@%@@He%w
a physical [hgseme nEroerysmessep2ti aubinay BER) cahciaengapsl vathese i1-cBip

PLCP pr ot oce)l i ach, PPDU i s processed by a physi cal
| ayer (as s%grv\kg@%eﬂu%ago %ﬁ E%%I lt*orug%éﬁ?lpf gajﬂ?ﬁt ggtésylﬂli"?lel ess channel .
[0037] FI G [W38howaultipteiy 270r tecéivese tha08utpi cchigdy fr8@2pikot! fhharoF 9410 PERY
structure 3QQ tx%nfrg}gu 310 i nﬂ(}?}%%s@ PLCP. preanbl e I?3.20, a PL '
header 330, Dand "4R COSAL. o PEayides dhe euipitichipscfar thefmilot PP

310 and hasappromiateatithe; pr@id@s the dtlsdt chips &8 j PLCP. .
P reld 520 ang stgﬁrg?e?ﬁgnghélgéff??n@t@rb’%%“

synchroni zatg%%%d( SYNC?) i

field 324. £ 14 ROvides the pptpatschipstfrora groceBon2 50 if dmuengeextdnsion mRyle
be wused byisgele®&®i vi ng station for signal detection, acquisition,
and ot her p[Ldr;ioses. The bits in the 128-bit sequence are denoted as
do, di,..., 08367 EppEEES0R. 132dntaiapriacessediby b xrediuml focbistcofited] RIS 1hat

i ndi cates t er. eader 330 includes a

SI GNAL fi el atd%q\é[%z IIﬁt:ffte (f’li ‘*ﬁ@ﬁ‘ﬁ#ﬁ@“ﬂﬁ@sd aFtaﬁﬁ h"g’:%{}flﬁ Processed g, Physicst fsgece

field 334 qon¥arginse peatodod (PmP)tand%m]isﬁlytedQﬁfﬁhﬁ]‘_@]lclﬁowcblmaltdfﬁﬁt ﬁﬁ%ﬂal

a LENGTH fi CHP%B@HE@%;C Ssieggi cat es %Zey amount of time (in units of

mi croseconds) T equit %S \é , (as shown in FIG. 2) and transmitted via a
wireless channel.

[0037] FIG. 3 shows a PPDU structure 300 used by 802.11b/g. For PPDU structure
300, a PPDU 310 includes a PLCP preamble 320, a PLCP header 330, and an MPDU
340. MPDU 340 carries traffic data for PPDU 310 and has a variable length. PLCP
preamble 320 includes a PLCP synchronization (SYNC) field 322 and a start frame
delimiter (SFD) field 324. SYNC field 322 carries a fixed 128-bit sequence that may be
used by a receiving station for signal detection, acquisition, and other purposes. The
bits in the 128-bit sequence are denoted as dy, di,..., djz7. SFD field 324 carries a fixed
16-bit sequence that indicates the start of the PLCP header. PLCP header 330 includes
a SIGNAL field 332 that indicates the data rate for the MPDU, a SERVICE field 334
that is set to ‘0’ to signify compliance with IEEE 802.11, a LENGTH field 336 that
indicates the amount of time (in units of nﬁcroseconds) required to send MPDU 340,

and a CRC field 338 that carries a CRC value generated based on the SIGNAL,



and a CRC field 338 that carries a CRC val ue generated based on the
SI GNAL, WD 20061130502 PCTI US2006/ 020541 8 SERVI CE, and LENGTH
fields. PLCP preanble 320 and PLCP header 330 are sent at 1 Mops
usi ng DBPSRYO P0e/BOpReanbl e 320 contains a total of 144 BCTAS2006(920511
are processed to generate 144 BPSK synbols. Each BPSK synbol is
conposed of 11 out put chi ps, which are ®btained by spreading that

BPSK nbol B. The 144 BPSK
synbolsg a(r)e EAAS Ctrgi] ??%%Eﬁ?@ga n%ﬂ;& ’2@%{“5{5"53%8%&??’ ir%gd’t?ﬁgfgﬁﬁ%&e sent at
peri od havi nlgl\/ﬂopdursﬁgIEBPSK JPH@R:p&SﬁBE”Ji’O(&htmﬂsoﬁaﬁzll StPLA Bits, W Se

300 or anot her structur4e ﬁgg( be used for the ran% ext ensi on
node. The meffeéﬁe Jetgrnerateotd4 Kaﬁ@@o@xtﬁ‘%ﬁ%ﬁs fhis ¢arenogerbof 11

SYNC field, quufaiehpSTwikitieh@d dohded ) doh@Sind thiraSK Syribol vfiﬁa ik fﬂ Shigs of

sequence used for channel estimati'on, oné or nore signhaling
and an MPDU.™h¢ Bedoy sqapenseyi Ty 1 HESR smlmneftmmttadapmm syroboltyeriods,
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g it
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| owest dat a [gggog of I I@Iﬁﬁ_is

90% det ect i (g‘l?l at thl}%é% N%?ta?nvi%dh? esho d&Hh&é&g tg?ds%'lﬁil\(/zg\fgr EgnnelsmlithgSp
condi ti ons. tRNsSIEiEE statiep 130 Apgulﬁltl@mforﬂlnﬁ 180g ¢Xt¢)15g>nnm| iv erord ghpilemgingy
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ext ensi on no OI’ m conher en atl on
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Gerodul at i on, T hgg‘??&”ﬁ%@e@gﬁi THE B Bher BT e 2 ol Bhis BB BB i
bet ween t he osci ldvat,oe.g. dor Bmallb@msm bpproginadly 18e ibElNGIB) aheRAS the

frequency error of i on p the receivin
station transl at Eegmr?cpEgiﬁor g‘a tglﬁd‘?n@r ?H?nsﬁﬂg‘ ’r;?fgaz 15 ppproximgtely & gB. The
whi ch may degr adgqpiesd a{dﬂggﬂﬁeﬁsyﬁboﬁa&ﬂﬂaﬁhmﬁbﬁa&lﬂ%l‘ @Rlers}_?%rﬁ'é?' ES/NOAUNE
on the channel estimte should be nuch | ower otal noise

power in order t8 aQEWH{}geléfo‘éod%é?%rlﬁ’é{?ﬁEéaﬁadﬁte Qf(ﬂ%rké’ﬁ% It is desirable to
dermodul ati on. [ OR4ve Fletier thafNs0ss RRCESHP A0 kiI® s fait SGRLNSd Rh isperile

160 at receiving station
channel conditions.

(

2. Frequency acquisition. An 802.11b/g receiver typically performs differential
demodulation. A receiver for the range extension mode may perform coherent
demodulation to improve performance. To obtain a good channel estimate used
for coherent demodulation, the receiver may need to determine fhe frequency
error between the oscillators at the transmitting and receiving stations. A

- frequency error of + 20 parts per million (ppm) at the receiving station translates

to a frequency error of * 232 KHz at 5.8 GHz, which may degrade performance.

3. Channel estimation. The noise power on the channel estimate should be much
lower than the total noise power in order to achieve good performance for

coherent demodulation.

[0040] FIG. 4 shows an embodiment of receive processor 160 at receiving station

150 in FIG. 1. Within receive processor 160, a sample buffer 402 receives a stream of



150 in FIG 1. Wthin receive processor 160, a sanple buffer 402
receives a stream of WO 2006/ 130502 PCT/ US2006/ 020541 9 i nput
sanples fromeach of receiver units 154a through 154r. An acqui sition
processor “MO2006d305¢% s acquisition for PPDUs. Wthin pP6XaS3W0464,
a first detection stage and timng acquisition unit 410 receives the
i nput sanples frombuffer 402, detects PPDUs, and deternines the

heaut o t1 on TRPCSiBEs Hol St os MR PE R HSAE Eih R 38 B 20Bisilit SRl
frequency er 4@k perforté ecquintitn foAPPDES. WitHil bfodesd6dt 401 b Fist defPCorittbe and |
channel estipation .unit 4'3219(53' so detects for PPDUs_and further

estinmates t hEMPEA5HHEER P ALD FFeri¥psIas inpuhsaRdts T Relder 402aderts PRIYs,

station 110 sjadddi@afnesi e thhiaki dANeatP Qetebitl tFPDAL0, A A2QmANGLte 430 SBRY¥ an
perform processi ng based on the 128-bit sequence in the SYNC field o

the PPDU pr&eavsney, agmisitiane pnib AP0 alsowetepsofor | PRI agd Sfygher estimates the

enbodi nent i t: | ang .. m I.Sit.1:0 L5 41
i ch por for nr i afF AL ARuELERTE R b Ml PSS el efyrtfn
410 oper at esnioA3E elwpldstectsafon PPDUspand fathpd etinatest the respoydecofr the ewireless
whi ch i s equgl L.aher.. .t han..th hip rate. For si i.ci ty, Jthe
fol |l ow ng de%élr"%eg? &gv ﬁelg{srg't es e ﬁ%fl&f ngaqdr{gttﬁwg%%ﬁlc&ﬂgpg}rﬂpéw and
the chip rat430 thay pdsrﬁ)rfropﬂoeasisigg besglaomi tﬁé ila&bit"seicjiueinsekﬁntheis whex fi;enf 01:c the
recei ve ant - n" s an i or chip period, "k"™ is an index for
frequency ﬁéﬁ?uﬁﬁambie’ aﬁ%’sgﬂ’egﬁ? ‘for the 128 bits in the fixed
sequence senpo4r] t hEIGRYNGowsehbmbodinens ¥1RL ddidtien istige autliminy dchSisibh

rate for the pilot sent in the SYNC field. Coherent "sumrefers’'to a

sum of conpl 8% X odich aeréorms riignsh dptestionsusing: bmerdemeiy eorelations Yaihi10
val ues (€. g.opeRRAN bEIRSkx-vhIAOH HpulVeirhbiBs U] i€RY

510a througho?glor rnecei v_eX 'E/he I np?lljlt S%ds}%rgrsbﬁgtsh%fsro 1er g%%a%%lgﬁ)lﬁ]%@ %?5
t hr ough 154rhighes dpacthe whipyrateyy Fori imglidityy theofollewingodescijtion dssmeartbarthe
1 (or m=1),. kel 1 pr S i nput_.sanpl.es .

W th the L1 SRREe} SERRAERISE ik DEEP ST RS LS RLARI 4 it
chip rate. PRodex feabeivhapemey frdds an indax Kerchipampiveddeis mliddexior fieflcneys

11 i nput sanpl es . f.or. chi. i Qds, ,oi.t. through n-10 with th i.pS

of the Bar kerglfn’sag uenéd” 1§%e§§r%ﬁ1§t1@§ it dn F}?gf%iefisge‘ﬂﬁenc?t frot m t o SYNC R
mul tiplicatiThesymabel fateqy ietes t@ tHdesiPharadr et senfthhe fSYNC Fld. cdYHerent
period. Barker' despreader 512a perfornms_a slidi n% correlation of the

Bar ker sequéHB&eiEs 10 2 FER of poieples yajyre and sowpeherent sumdsisreiod Sympbreal

for each chivalugg(rei,gg,qm{g'nnﬁg@?d of each synbol period) and provides
despread synbols to_a synbol buffer 514a and a delay nultiplier
520a. ~ [0042]  Within' unit 410, delay correlators 510a through 510r receive the input

samples from receiver units 154a through 154r, respectively. Within delay correlator
510a for antenna 1 (or m=1), a Barker despreader 512a despreads the input samples
with the 11-chip Barker sequence and provides despread symbols at the chip rate. For '
each chip period 7, Barker despreader 512a multiplies 11 input samples for chip periods
n through n—10 with the 11 chips of the Barker sequence, accumulates the results of

the multiplication, and provides a despread symbol x_(n) for that chip period. Barker

despreader 512a performs a sliding correlation of the Barker sequence with the input
- samples to obtain a despread symbol for each chip period (instead of each symbol

period) and provides despread symbols to a symbol buffer 514a and a delay multiplier

520a.

[0043] Delay' multiplier 520a generates 1-symbol and 2-symbol delayed products of

the despread symbols. Within delay multiplier 520a, the despread symbols are provided



[0043] Delay nultiplier 520a generates 1-synbol and 2-synbol del ayed
products of the despread synbols. Wthin delay multiplier 520a, the
despread synbols are provided WO 2006/ 130502 PCT/ US2006/ 020541 10 to
two seri esWQUBHEWS®el ay units 522a and 522b, with eachPgEUS300¢/pR0541
providing a delay of one synbol period Ts, which is equal to 11 chip
periods, or T, =11 TO. Units 524a and 524b provi de the conpl ex

' t feol . it 2a_..and .522b,
oehect vel y© TRE sERSRORA SUBARR oL HS E1oBY Wl ik (BRS Bmis bR 6 etey
each chip perdnedymbaligetiod Mg vehictpisteqdl toMil tchplfbBiodd) Gr A QM AES Bnits 5242

| -synbol delayed product yl m(n) for that chip period. Simlarly, a
nul tiplier S2EE2Rprovideithescontpdexdepingetadf sherrsepreddorymbeldtons Hélpy peitsi 2da

nwith the i LiD . ides .a 2-synbol . del.ayed i

oroduct yz - uBEEs Seplllvh S RliheP 0 lifea fockEna SRl forenan oo
for each renmtiod ngvidvthe DRPUNFARASIAS abd\BrovidBls 1 3§MBbIERIayE® brddlat b ()
antenna in the manner described above for antenna 1. Each delay """

golr rel gt or for that dfzig p&ﬁ?@t nﬁiﬂfﬁlmlbrl, aymedtiplieadi26b snldplies () d@gﬂza& sﬂﬁ&%r
el ayed produygts,. . (n) . [ an associated antenna m For eac

chi pyper ipod%%fch ghlng%g ’Bé'étg tﬁ%ﬁ&%’ﬁt&f"g 4% PRy g &t < SYRbah delayed
for m=1, . produR y”(@mf@lthatlgh%eﬁmporrel ators 510a through 510r and

provi des a product y1(n) for that chip period. For each chip period

n, a sunmmer [0B@h sikewleldyeoptlath ChrscayRreMalriilg antéi phdcedses the-inpuRsamples
fromall del a:%’t cor rel ators 510a tho%ﬁggh 510r and provides a
pr oduct y2( n)O% Bt §epna ip, ths manneg gles BbQyg fex antgmman). Baghydgiay ggrrelator

maybe expr epsfiiedSisyRbsR Ak ) ! TaetlR Y2
() Ex . PR xr}rrlﬁl(n ; ziresf})zﬁ8 &ﬁ%g(?'g’% ”ngﬁg?%g]d@?ﬁ%d R"-Og‘%crﬁgg n ()
del ayed produtcin asdociated ditening . NHo€&ch CRipHeribd @, PR@RRer 539800886y sums
bet ween two despread synbols xm(n) and x(n-Ts) that are separated %y
one synbol HSeFPHYLS G @ht 88 rim=iln.. Rrhfrom-all Risolay defralpteds HHaachcugly 3100
(n) is indicative of the phase difference between two despread

synbol s x, , 2RhProgides % prosustr yy(n) fer thaty chim pesiadatEed eash chipuperigdrisod summer
periods for tenna..in. 5 sh the use_of 1-s | and 2-synbol

i
del ayed pr ol uctg Sorthespﬁ’ﬁlé?% dJéetﬂe(E?l .M geRedmm %r_ O%F%“?I@Prsaﬁlpa
nunber of d é b alﬁi(? lg%%(flidg% I%&%odqﬁghgé) fc:))’r t%th&% pgr?c;c{ O’gﬁe’ pr%ggctss Oy1 (?19)

may be used Tor” sigha
and y,(n) may be expressed as:

R

»@= > x,(n) x,(n-T,) , and ' Eq (1a)
R

Yoy =>"x, () %, (n—2T,) . Eq (1b)

[0045]  The 1-symbol delayed product y, ,(n) is indicative of the phase difference
between two despread symbols x,,(%) and x,(n—T,) that are separated by one symbol
period for antenna m. The 2-symbol delayed product Y2, (1) 1is indicative of the phase

difference between two despread symbols x,,(n) and x,,(n—2T,) that are separated by

two symbol periods for antenna m. FIG. 5 shows the use of 1-symbol and 2-symbol
delayed products for signal detection. In general, products for any number of different
delays (e.g., 1, 2, 3 symbol periods, and so on) may be used for signal detection. Using

products for more delays may improve SNR and detection performance. However,



products for nore delays may inprove SNR and detection perfornmance.
However, WD 20061130502 PCT/ US2006/ 020541 11 since frequency offset
causes phase rotation in the input sanples, the maxi mumdelay my be
limted by WOH&0§/i¥83ency of fset. The anount of del ay al 36T&F308¢/020541he
conplexity of differential correlators 530a and 530b. For exanple,
there are 127 nmultiply and accunul ate c;éerati ons for a delay of one

synbol peri V. | at e ..operati on r a del ay
two synbol Bsg?ﬁeoggg E%h/dj fﬁ%t %ﬁ&q p&%%, E% ?frépgrﬂ‘?% %F’etﬁﬁf’@r’"sm‘gﬁ(ﬁlﬁﬁy
and 530b r eceiw det lnmitpd cbgluthesfrgqu(em)y affekt. YZEQ anfoﬁﬁp@ﬁtdella@/l ¥lso \MteBis Nthe
d|fferent|al ﬁi Iatfo g %Lég’ X é are provided to a
sequence of ArPEFHE:T 61 sl ‘é’lrr(?}f’ 3250 34053708 exampip, dherayare 127
el ement  532anyitiplyi ;0@ ScAmRIEYp@hti N CorcdiddayP ST dne @ !

534a provi des apl\ydel y of 10 1(3:h||lo peri ods ylo{g;élh %%?@Cﬂgnggdl?gc@tﬁﬁ?%d

del ay el emeffémayaty OB atiens Aor adeday ofdwo symbrd pasjodst ambisoshi p per i ods
(which is o GOWnb%lffé%nthL é&grstg e%q{ 5801 %gc%?vréc 8| )}),ro%el ay};”([zﬁ)oland

el enents 532a and 534a provi es a dela appr oxi na S
periods. A sgin) Ofesﬁe?:ﬁvﬁﬁdemtmft@ff&@ﬁtﬁh &rbRitds 63032 the Blsics! t
532a. Each adder ‘536a suns the input and output of an gsso‘(::tlga?‘re(gfl e
del ay el enemrovidplatoapdegirened of sltemating fhlay eleirents 1992hyahdn53hi - Ech delay
where ie{0, et Ilers cou to the
set of 127 STy S ERlpro RS adly OR0 bRoZ SN ARRT g1l i mipvices

E e?uence c datagiiofi LM ghip @Enddsowah pailr UESd_]aC]:Em &l@&&l&mﬁﬁ?@ 6ai1@ B?ﬁdjprbyld@s a
it-wise pr uence of do throu W a
second sequgg%Jl B?I fﬁp @ﬁ?%‘fﬁéwﬁﬁﬁé%mw&be OH His enfimespaugnge phdelay
128 bits of eIeh*ﬁ:nﬂ‘slS)SQﬁi aBEsRRNE6VIAa a Bdldyobf @pﬁo&)mé’t@@q%%&m%&epeﬁxgp A set
field. Since 5;1 t bits are real -val ued

{o, .., 15} @é’g 5??&11 £9ynlgsdp thestyy de}?meﬂqngﬂntsé%?zﬂ h&achuadsler 53fia sams the

associ at ed ﬁipﬁlfrfalhd5g\§§ut%f hind aéioélﬁted ':d%:'iaye@féﬁleﬁﬂ”I gg%é)%Hoﬁjroordes ga[ﬂ agder

540a adds the outputs fromall 127 nultrpliers a and” provi des a
correl ation )esidrD -y h)-if-dr, whee lth[QD pdﬂﬁbd A[sel()éf?]lznrﬁdlﬁpﬂﬁs[’d b3da

correlator 5 i.s.simlar rent correlator 530a. The
e e e
el enent s tal dludy OFY éh

synbol peri ods. Aset of 126uadderls§é§§ > c%}}nl eg??%ﬁﬂ%&*ﬁfoaé{o} it

el enent s 53%9uenes O dpiirugh dgzsWl@@rﬁﬁcqnﬁéeqmmqofaﬁn@lrwhpmv, Wheraldo through
associ at ed | ek [

V20 111 )y g S e IS oDl e B R e SPUC ield. Since
mul tipli er sthB38bt bicugt esal-valued)ed 85t= 04, 126 irddpr.s 125}36Ea@}pgugjp§@r 5382
recei ves a 2-synbol differential sequence containing 126 known

val ues. Thmglﬂs?b@ﬂﬁéﬁ outpitoffap ssediateyd sambyiet Sﬂﬁasetlpddgchonﬁaclac}ﬁp BEIEUCE
of do thr ou?g]hdcclli

er 540a adc?s t%e outputs from all 127 multipliers 538a and provides a correlation
result ¢, (n) for that chip period.

[0047] Differential correlator 530b is similar to differential correlator 530a. The
products y,(r) are provided to a sequence of alternating delay elements 532b and 534b
that provides a delay of approximately 125 symbol periods. A set of 126 adders 536b
couples to 126 delay elements 532b. Each adder 536b sums the input and output of an
associated delay element 532b and pro{fides an output y,(n—11-i)-y,(n-11-i-1),
where i€ {0, ..., 125}. A set of 126 multipliers 538b couples to the set of 126 adders
536b and also receives a 2-symbol differential sequence containing 126 known values.
This sequence is formed by a bit-wise product of a sequence of dy through dy,s with a

sequence of d; through dyz7. Bach multiplier 538b multiplies the output of an associated



sequence of d2 through d127. Each nultiplier 538b nultiplies the
out put of an associ ated WO 2006/ 130502 PCT/ US2006/ 020541 12 sumrer
536b with d;d"2. For each chip period n, an adder 540b adds the
out puts fr P 2Mp130386 nul tipliers 538b and provides a cBFFESH0F/RAE541
result c2 (k) for that chip period. [0048] Differential correlator
530a perfornms correl ati on between the 1-Synbol del ayed products vyl

ith th b | . i | | at
ggz)bwper f or en%u%jcl%%f?gﬁgﬁg nj" %%!?V\%%Cthﬁ%%ﬁ% %ﬁt%% 8%1%%‘%@ %id& ﬁ%&{u&@sﬁ?&y
with the 2- zﬂymﬁ%uldpﬁérﬁﬁﬂbtah@bro%?dlgg@&?Tlatg&erewp ?@;ﬁ)gg}ag glﬁp\l)wg)?rll%l ‘

FIG 5 assunes that the wreléess channe as a del

di sper si on dP04fjear Piffsrertial ewrdhiopS305uererts cb3BatanBeadeh & €1 e
to coll ect e({éfar% a((:ir%ss ?i S dﬁl ay sgread. The energy may also ‘be
col  ected over YROPRULHT g Stithdhe drsympolfiffergntiah sequanceo Diffasentia correlator
omtted if tdagy, 'ff&lnfss has, zero or ry.little delay spread
(e.g., for a st&%ng iéfloér-eo gg:%g teelgi‘{eh?‘? ]S‘M\éfayé%@??dﬂ?tﬁfbt(@nf"@@lthe 2-
correl at or 53fibpr diffetRfialaseq@ince! atieOBmb&BMLL fHOWwnSACHIE N g0
The phases of, the correlation results c2(n) fromnglififslecgzgntafsgﬁl%g ﬂ%g the

correl at or S9EHSS fRAMeldas B delay spymach(ini disperbien phamess) off a fefvechips. Summers
cor respondi 5g6£ Sid 568 lakeORed R3] ifferential correl ator
530a. A nultiplijer 542 il t i pl |1%c;t eg%régla%%ésﬁgisa %a r?prregfg'utﬁe THE) 2% F
di f f er ent i alPeEcolgctadnver memebipaifers largendghesprakdasanagbe bmittell iftthé fvaeRE
hypot hesi zedhphasges 1.de t ,of L.phase-rotated correlation
results. For exarrplz‘fay,aq}'gr Réer%l;t/t%o(?eha ssﬁge%%?ep%a@gg SHRe IH’(?“{ftf,lghéﬁ?th)lSO,
-90} for L=40049), &ich diffeg@tipl @reldiorSR) poRides @ cOftelalii€ rdsult for each chip

hypot hesi ze S be. sel ected to cover the possible range o

rel ative ph 2123;@ ﬁ@er g@%&%ﬁ e copelation rospits £x(ay feme diffrensial coregfatie530b
frequency. b ToRes Ak S5 Me Bleses Sl RO B orlingson=iier Edimeen o
2-synbol debiffeeatigiodon@laddri B8 Al SultipRer %Pﬁmmtigg% élacﬁ| collBlafith %%ul% 5™

approximately 90 degrees. Hence, if hyp esl phases 0

and -60 ar efrusedifferdigial |ceashioP B0y RahNgsi I g-mi tehi L f
the phase d ence js larger (e.g., due o?%ﬁ%;ﬁ 352?5 %f atf{ya?‘gga%ferem

jffer

delay or a "%’I‘) Fiz¢d lpsenayd provides ) set tofidn phiwe-thiptedt ¢vesiation rpduits.e SFor
shoul d covegxahpl ful 1ono 18Gho 5 | tiplier
542 rotates Xc2(p n) t%éjh}éﬁ;@%gl?%dnp Rapshgggébngﬂr’ 9gatﬁgochré&gef?’}dgu=ﬁf {§n60 »
adder 544 cofi8tkfer|ly=3desl tohm. CDier B hgipdthiize phitses fiay 68 kelbEiGMAIES the
540a with ?}?oggbgfmt Qe I_1 correspondi n hase-rotated correl ation
results from HOCEEECOLFoIERS BIARES, FOL PHEDIS, theopABmyaTremene effsbmay be
resul ts zp 432)KHEd6r P fre Lof kfa i f.fereaki . ors a
used for K di f_ferer]rt drgla}%e;g ef/\rﬁe?e Kd:p@h a%ﬁgnﬁgr@%?%éflg%ﬁqeﬁ?y' ke
correl at or THETHE qiegncedn phase beiafeen dreclesymbiol And2-spinbslaleilyed torrel4B08s

combi ned cqg eati[n tiﬁl%?%ll}s, {vﬁlcg rfse Qppcr)(l))}ir%ia{é?y%a 8égrees. Hence, if hypothesized

phases of 0, 60°, and —60° are used, then least one hypothesized phase is Wifhin 30°. If
the phase difference is larger (e.g., due to the use of a larger delay or a larger frequency
offset), then the hypothesized phases should cover a larger range, up to the full + 180°.

[0050]  Multiplier 542 rotates c, (1) by different phases. For each chip period 7, an
adder 544 coherently adds the correlation result ¢,(n) from adder 540a with each of the
L corresponding phase-rotated correlation results from multiplier 542 and provides L
combined correlation results z,(n), for p=1,..,L. If K differential correlators are

used for K different delays, where K >1, then one differential correlator may be used as

the reference (with no phase shift). One combined correlation result is then obtained for



WO 2006/ 130502 PCT/ US2006/ 020541 13 each hypot hesis corresponding to
a specific phase for each of the K-1 remaining differential
correlators. For exanple, if K=3, then one conbi ned correlation
result is BORUWOAIOX or each hypot hesis correspondi ng t 8CEHUSR006/820841t
pai r of hypothesized phases for two differential correlators. Up to
LK-' conbined correlation results are obained for the L' possi bl e
hypot heses. &@h =i i .t 546 co tes . th squar ed
magni t ude of ,eaclﬁ?gt?esgﬂg&{egg%dgg%hgyda%B%Iér%é‘f QE?SSnf%’r'gg P ﬂief %r‘kreénazl}l,ng
identifies differential gerelatorp dioe dxarapin; if Ude 3y et @na @BMBink M Sorkel SHMIEER is

magni t ude v vides -this |largest sguared nmagnitude val ue
Z(n). For egé:wh&zﬁ %pggcrhlpﬁc}% © FSI%C%EQGR%‘EH%H’L 2 dtftsrens pair of Riypothesizef phases

| ar gest squabedvoragftdntgiccoralaugs Z appe r term.ned ,
threshold Zi h and decl ar es the pr gg)étgcgaogggbﬁﬁ%@%?qg%@n es"g{/%caéeeagta‘f‘ﬁ%
L eshol d, Pt e} 52 bl umbicies ocboeadihip posadug s et U fe
squared na 0 . ) les
chip peri odggggr tlﬁl-llaéﬁ pggéf éebcgloﬁﬁaeglgc {”f‘?ﬁ ?‘?réﬂlat’toi“_ﬁ?sﬁﬁs {far K o2 )-tidentifies
det ect ed PP 14rgB6 Shuabéd eragaitideevalue hongQhs &l 3t hBSHhIE %ﬁl{eg) and
and c2(n) f ;nggcghicgl ?}Ferl od may be non-coherently conbined. Thrs
may be achi ved By™ e ‘?’fg PHGredraagdugs sdlue @lphi Forjeachichip, petioll 7, a signal
conmput i ng t kigtesSigrag i (n nd _supm ng .t he two _
squar ed magni tudes 4t%g Cg@?%énuggn%&ge%ﬁesq%’?fésﬂl&%@f’hgﬂﬂ? gén)s cagaingt 2
di fferent valadelsrmidepdinekholg A andOWciatdd)ihd i : 2

threshold Zth used for the first dgt ecti ngegf{ggéggé’ﬁbggﬁa%(nﬂea&eﬁs/gle
t hreshol d t HEesholh jass Z(®)>Z,, . wiSignal ldetecter 648 ecbnein@dsOl Eonfir tﬁehﬁ%uared

128-bit SYNC fi.«tel d. @gr exanple, the threshold Z, h may be set equal
to the recefPEYMEIAYSS fo seercher mpepkatalusgnd paeidss 81 chip e for Bhis peak

S1. The UseVﬂfleMnrfﬁikiblztﬁﬂing?%Y@Qd%@@{egiﬂFbﬂi signal detection
0

results in sinlar detection perfornance Tor a w de range of received
si gnal | evel®51] Codiamativedy.rthé aoirdatiannaiutat §en)t Bat cAny G664k QMip period
probabi | i tym%f approxj mately 90% and a false alarmrate of |ess than
1% may be achi &vdgnegpergntly Fedn aThis yrasobe achigved byReopipsting thehapnmed

at a total ShRigle of i : = i,on. probability refers
to the Ii kelbiﬁﬁoo%ioof Iq?)o’;ér%e tgtlu§t gg%%f?%gﬁ%d%%géﬁ ’eangfsmé’}é%@e\%‘én
the PPDU i ssqueted magldee tabbinim Zet)e TRS @kehdld 2 '@al bkebd tBQﬁﬁerg@ valges

erroneously decl,ari ng the presence of a PPDU when none Is se
tradeof f bef I Rt 6w isidebesh | ity versus false alarm rate may

be made by cti it.abl e val.ue for the scaling factor Sr.
[0053] FI G[ﬁgé@ hom@%aﬁ“%#%&?ﬁhéﬁ? & ey defestiont #teg¢ Sende amadaptive
freque ncy thmdwlfﬁﬂﬂat witiesfeldl, WilDihe\WdeBldd RdrE P BTForthe 138-bASYREE hAA. For
ustng tr eq‘é%r%iﬁé, t%gaﬂlirgshold Zy may be set equal to the received energy E,,

times a scaling
factor Sy, or Z,, =E_-S,. The use of normalized received energy for signal detection
results in similar detection performance for a wide range of received signal levels.
Computer simulation indicates that a detection probability of approximately 90% and a
false alarm rate of less than 1% may be achieved for a 2 equal-path uncorrelated
Rayleigh channel at a total SNR of -3 dB using S, =22. Detection probability refers to
the likelihood of correctly declaring the presencé of a PPDU when the PPDU is sent.
False -alarm rate refers to the likelihood of erroneously declaring the presence of a
PPDU when none is sent. A tradeoff between detection probability versus false alarm
rate may be made by selecting a suitable value for the scaling factor S;.

[0053] FIG. 6 shows an embodiment of second detection stage and frequency

acquisition unit 420, which perfqrms signal detection using frequency-domain



WO 2006/ 130502 PCT/ US2006/ 020541 14 processing. For this enbodi nent,
unit 420 includes R frequency offset estimators 610a through 610r
for the R receive antennas. Each frequency offset estimtor detects
the energiVed2006/1305¢% er ent frequency bins to deterni ne PREUSRWEOWHKY
offset in the input sanpl es from an assom ated antenna. [0054] For
receive antenna 1 (rn =1), synbol buf f erl4516a provi des N despread

symbol s t hat part b or on synmhol

period) st arl%r?%gmégaf%ce{ms i°A1oP fhé‘%/enf’l H’l% %Bflﬁﬁmlﬁ? g‘\sf‘fegﬂﬁl%’f fsptfsfigpators 610a
acqui si tion thviugh 610: fof hiee eréﬁeﬁvwbﬁﬁ@m%ldE&ohnﬁédueh@ oftdad Sstirhdi8r- didcn@d
with the best timng h%%g msfromtheﬂmngp cquisition stage. In
general , N rfE§Fas Bndiieienb deauanpy dbmsstogdsiermine Bre frogreng offsaisinrhe input

exceed 128 sem@les fldm dFPAsREattant@ta. OF 128. Wthin frequency of fset
estimator 610a, a set of N nultipliers 612 receives the N despread

synbol s f r ori9@hol Fasureseive almwaahc(rw EbrsyewpbhulifergS16ei provides Nsdaspread

the 128-bit | L0 Lies,its .des

symbol  wit h%?gﬁpldﬁo eE%%%E altt pnée% kﬂra P SYmBY RS HQ@ sgaéﬁlﬁ afhe
symbol . An Neifiel tithingaet proFisiad bp rtmtm@atslﬁmnmn(uﬁﬁm)lo uhe figs? Qegpesaeisy@bol is
fi oty ST LA U A
f requency blgeﬁeralANsmhy Bé afy mmégbﬁthﬁﬁﬁ ar %ﬁﬁwé BR1 dbek MBOLRBLY 1R0RBI N

values from FET unit 620, ch, unit nputes the squared
magni t ude ofRaYike #bpééu%rnw @bthﬁ fﬁ"’%‘%‘?c@{@f@ﬁfoesfém@w&éga tarst gleNapyltipliers

energy for 12 esRaek iteNf deBpeED %IQJH‘ fibm 4}9%513}1@@11 531'21& raﬁﬁq\\f 'c&gesbgﬁdmg

nmodul ation with nultipliers 612, the N out’puts from
mul ti pl i er s PHaYDicindhe 13%hit servencso r%hémltlplm 642 peﬂmdu:s ctscbsmcadesrymbpls

caused by &;fhr f ish! A r [ t at
150, which résJ%?%lﬁ{B%ﬁttgégﬁ%ecgl?\% Isa:ﬂglgrf]ai1 tl?}%f(?l éad re}c/|u‘r<§‘?11cﬁpomlc Bt
downconvert @du@ra‘f@aﬂsibm(fm) BT 62 lretceﬁrEQ thqoMmuiqims ﬁomplﬁcmu]abhers 612,
response of m 12..Th uen b| n k
with the IaPg W&%ﬁ%ﬁéﬁ%’%&?éﬁ@g ?%""b‘?"sﬁhé %}n values
of fset for fdrelereguencyskﬁmml Assef 6OM wdilﬁsmﬂa:edemes [twweqﬁaﬁ:ytd@%@ R&Mes
of fset esti ﬁg QEF,JF ?ﬁé mai nlgég recelsﬁg ant enna processes the
despread syH83) E°F 8pit Opty URh§27 FoTppHics R Aatarerbmagnimge of #F figateaAYa
1. A set of d&inmﬁddﬁé%n@ﬁx%vi’d@@ﬂie‘d@t%ct@d SR Sy fbia%sgé‘éﬁ%%que?gﬁﬂlkes from
R frequency offset estimators 610a through 610r for the receive

antennas. EHORShddétics3omayag themogdelation #dh ewéiptisre $121 the 1§|qutpats from
f 1
requency thfeﬁefnuﬁ% b@%@r [Rave ]aﬁ% E)glE:g:H ?on@elm@r 58 epnﬁgdlg%é&%?% apsed

frequency bin provi‘des t etecte
frequency bbha frequerdyeefiist it ewsillatar st tréneiving geton 150, a\k/hldlelr@uttsadm the

~energy Eo" X (k) ATRAA hdtbdhd BhPlendPl5GhEDverted exactly to DC. FFT unit 620

provides a spectral response of the N outputs from multipliers 612. The frequency bin k

with the largest detected energy is indicative of the frequency offset for the input
samples from antenna m.

[0056] The frequency offset estimator for each remaining receive antenna processes
the despread symbols for that antenna in the manner described for antenna 1. A set of N
adders 632 receives R sets of N detected energies from R frequency offset estimators
610a through 610r for the R receive antennas. Each adder 632 adds the detected
energies from all R frequency offset estimators 610a through 610r for an associated

frequency bin & and provides the total detected energy E(k) for that frequency bin. A
selector 634 selects the largest total detected energy E,__ (k) among the N total detected

energies for the N frequency bins. A signal detector 636 compares the largest total



energies for the N frequency bins. A signal detector 636 conpares the
| argest total WO 2006/ 130502 PCT/ US2006/ 020541 15 detected energy E.
(k) against a predeterm ned threshold Eth, declares signal detection
if E .(k) VOYOea082 t han the threshold Eth, and provi dBSTUR006/020541
frequency bin with the largest total detected energy as the
estimated frequency error Kk,,. The thredfold Eth may be set equal

to, e.g., h received energy E. for the 128-bit SYNC field tines
scal i ng tctedgnergy Eépx(k)-a@n“ apredeterygned thigghol @Fb‘oﬁqcif?é?ﬁﬂ@ﬁb%ﬁeqlﬁn

the. FET“ts: 'zé%mw%é@%thgﬂﬁ%@%esize&“@hoﬂnédlzowe P Tregitngy bis pidh the
the spaci ng IQI%EQW& d%%'cﬁ?—;ﬁ%ﬂérﬁ% H%@t‘ﬁ{atlgdn ﬂié%dgﬁcf-yrléi-aog %'r!é F@:Q;hofd% thay

Msps synbol at e a| nt
esti mat e i s Heakefequhl tbhegbthe rscmwdragengy E o8 1RBEhit S"iﬁNéf fieht tmtsah sdajing

may be reduced form interpolation and/or using a |arger
128- poi nt FE1C %0%8115 ﬂ”@'ﬁocessi ng gain for coherent accunul ation

by the FFT i pr I
oo BORE” BBl s AR A B GR y
actual fr eqLIém‘,y 64§ Whieh id the m&dewoh&mmﬂseﬂ\mr $02xDbemd)B0RI1 DS for/DFDM

B T S B BTl e TSR e o

summ ng t he rgaef ﬂﬂttﬁéi ufERfatine fn ﬁl@rfreqﬁéicﬁlsofﬁfat el thaffr FAHE BRYs bélﬂg or
(e.g., simlar to the summ ng perforned ‘éfi/ adders 536a and 538

FIG 5) pridr8i2dE%| B Pﬂ‘fff%’éy may e sedueest by patrrminecgteandatigy. anefewinﬁg

the detect gd.goengiRmtiFeT. adj acent frequency bin pairs inproves the
detection probability at a cost of a small increase in the false

al arm rat e. [9038&t eclhiemsoqspiggain ifmynomrenteqccenulamby @1@ Fitlds approgitedy
-7 dB and bgit 0 e

using a thr etgh(ﬁif( 5‘; oﬁnzs%gzg@.é Qﬁrgﬁ%a?’? éileg nérlﬁ%eg&lgﬁ %g;;}isf%(ecggs Wlﬁ%{h
0.5 % for t hecursehemdhel edted tfragestyacfset ¥ e:tadtlylgaeﬁ\meﬂggbe”mhmcfydhw A
alarmrate of. 5x10 for e. first ds cod tec

0050] ' i t AR i GErran SRCCiaR T eB e Bre v 167 Nkt Ma of
the energy itfe fbrentim@GrdtiontlbR HOF BE cecBRreE by QBmATiAY Me (RitBtel @nbl3fes 6T
operating at the synbol spacing 1nstead of chip spacing). In an

embodi ment , PR d\‘?l?ﬁerﬂ é‘{e@'éetnicb RINS §¢-BofiFaAL© %W@@ngd’@ﬁpﬁf‘é&w@ﬂﬁﬁ Adba
second det e%ﬁ& 8865 AT BY pRET fHoeH] tnl% the l%‘%es? Qutatt delt:{gedaéﬂgr ng ¢ the

integrating over the entire 128- t seque or t SYN fl e

anot her errﬁefaqttndamergl@m@r 8djagri fneq@my hiypajre llpetlowﬁrtﬂtedcth@wntm&ablht}s at

hal f of the aRo 4-pol Nt

FFT may be pjcggcor asm ?Eﬁg ?ﬂsglé fggéglgfn??a% R dé?ecugi{‘{i’}oﬁﬁmg of Bt than
90 % at an SNR of ~7 dB and better than 99.9 % at an SNR of —4 dB may be achieved

using a threshold of S, =8. The false alarm probability is less than 0.5 % for the

second detection stage, yielding an aggregate false alarm rate of 5x10 for both the first
and second detection stages.

[0059]  Multipath may degrade the detection probability since all of the energy is not
used in the second detection stage (due to the FFT operating at the symbol spacing
instead of chip spacing). In an embodiment, improved detection performance may be
achieved for the second detection stage by performing a 128-point FFT and hence
integrating over the entire 128-bit sequence for the SYNC field. In another
embodiment, one 64-point FFT may be performed for the first half of the 128-bit
sequence as described above, another 64-point FFT may be performed for the second
half of the 128-bit sequence, and the detected energies for the two FFTs may be non-
coherently summed by adders 632.



hal f of the 128-bit sequence, and the detected energies for the two
FFTs may be non- coherently summed by adders 632. WD 2006/ 130502
PCT/ US2006/ 020541 16 [0060] In another enbodi ment of frequency
of f set est iMA2IH2he i nput sanples are correl ated w PRTAVAWORPRINH

128-bit sequence for different hypothesized frequency offsets. For
each hypot hesi zed frequency of f set, the]1nput sanpl es are rotat ed by

that freque of f rel ated with
128-bit seq u@ﬁ&g anog’or i ef) (iulngrrll gf? Ty e ?%%nﬁtéffl%tbon Bﬁ Tt S%fnples are
t hr eshol d, act’uﬂremt@lthhdme elatolwan 128;bﬂla¢ek1wned fof (iﬂf&entCByﬁoﬂieéffzbd) Hrequency
result excee%et heF t hr eshol .The_correl perfornmed in the
time domai nPetsh BoT epeh Ipothaiizrd Requsago I[(q‘lff F&’wf T’a!ni‘l?%ers e Fofated by that
in the frequeaf¥ndObfdel) thirbiated Nsaiplestt tdoRkMiclFrith QRE r1@8Jbﬁnsquéﬁee the
frequency offset estinmate is determned by the hypothesized

frequency er§oFielatipmgesylt is|cemppred agemgestbreéwqi,eamétsfg@ai detostion isaleelawsdiifige
the thr eshoéo lak 1919536%111t Efbe)& th@ﬂﬁ&éﬁ%fd efﬂ%ﬁ% Bbn 9f X&;eﬁ) ’E‘?e\él. 1ﬁftlgest%ne

estimation, e Input sanples are initia espre

despr ead syndﬂmam with @ffmpie maplel$e mspcsia@ﬂF[RD filtFﬂ @uctire dihia thdﬁsq)leaaddomain
synbol s are f t| rr ondi | l.ot hit .
renove the Jﬂfg f‘H‘ Ef%"’ég Fesurts ﬁ?q%gvgb‘%?sg %ﬁtlglaffslécﬁlefe 5mmed by

generate 1- Styerhyliothﬂeder&y(thf errgtehatyyeeldgthe daigéss corgel@ion resultndcel@ingythe
mul tiplier 5 Ogﬁ;f? FIG 5. The del ayed products for each delay are
processed t M-ate a conpl ex value for that delay. For each del ay

d, where d[041}, 2t yet Afdtidr emmmeﬂe&m@derquﬁﬁsﬁe%uﬁaaﬁorp "tlfé\/ihﬂﬂ@arhgleﬁ
set of 10 series- _coupled ChIP spaced _del acﬁ el enents (e.g., simlar

to delay el e’fﬁé‘emtsaﬂf'zigsnrfﬁdftp @btain dftserea%mlf s of-cnstst aﬁefoavlela H@odudhe
at 11 diff era%EﬁreeﬁimyPnb%fsf &€en rﬁﬁ‘lﬁgﬁe@%ﬂﬁ%e %@g&ﬁln ify e‘l?tE %o i'é?ﬁovgalﬁg'

chip offset is cohérently accunul ated across th
usi ng swi t ctrelet medulatien. a @Wlfﬁnbﬁﬁnmaﬂenlsﬁi @ genprateT heymbol and 2 -symbol

accunul at ed eﬁ? %d&c?g e.of rﬁ@m%jdegpg:\gurfﬁ lie ?%&@ eptah ? e;ﬂggelng%\;ggq&ts for

usi ng maxi mal’ CONDITHI N a conp
del ay d. Th@acpﬂm:ey adlt pfeeseat ® gratwarencdmplex eaipd for thealdeleg. Yar eaahdeldy d,

he 11 oquentpRofirsd: 2 e FPRLIGEYah PEANES oy ohice %icﬁ%is%ﬁafdf e

various nManRghsled @hlﬁ-rs%ace& B@lag%ieﬁiéﬁ% (Qrgockﬂﬁﬂﬁ- &4 ee] T RO AGEOFS 10

ant ennas as shown I n he conpl™ex val ues I fferent
ant ennas napbln @Gm}b(ﬂehlab'@ﬂ pedeﬁs @t hyiffereny rﬂilps@ffssts Tsr &syrhizod delaywsd

del ays and/ ?)g\ c{ﬂcﬂs q’&ggr{ca%ﬁ aXfféé?X ?Ah%?engg #&&1&8& aéxrogqu%rﬁc\yl\fc field (e.g.,

estimati on. results 1n hase r énce,
whi ch provi deisg lswtttlms 7QAa$nd1 atduonldtons 230en P[Gemeﬂmylbﬁdcaemlatdmme Ifor

a larger delga cy 1 lnE}Xp o&sse'tls may ' Be cmlged Eey g., usm% rhax1mgpra§o com! i:nmng? to generate

a complex value V; for delay d. The phase difference between the complex values V;

and V3 for 1-symbol and 2-symbol delays may be computed and used to derive the
frequency offset. The R receive antennas may be combined in various manners, e.g.,
the delayed products may be combined across antennas as shown in FIG. 5, the complex
values for different antennas may be combined for each delay d, and so on. More than
two delays and/or a larger delay may also be used for frequency estimation. A larger
delay results in a larger phase difference, which provides better resolution for the
frequency offset. However, a larger delay may result in ambiguity, e.g., a phase shift of
more than 180° may be interpreted as a negative shift of less than 180°. For a given the
number of delays and a given maximum frequency offset, a set of delays may be

selected to optimize resolution without ambiguity.



nore than 180 may be interpreted as a negative shift of |less than
180. For a given the nunber of delays and a given maxi num frequency
offset, a set of delays may be selected to optimze resolution
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spaced at the. | e.rate. .For. exanmpl up to 11 channel taps spaced
" by one chi pgrgrtnglﬁ/ﬁ aXBﬁ?%ﬁoﬁ%geri’?dugaggggggws%oI s are obtained at the
chip rate, [@06d 2FIGHAzhGHs ztrﬁdiﬁbcﬁiﬁﬁﬁﬁdfﬂﬁrdhﬁ’cef:ti&ﬂt&%}%& cRAn eI BnR@sh

I f despread syﬁ&@ol ?l reﬁrﬁ)btai ned at the twce the chip rate (or .
chi px2), and™§8n Whied, PripEms SHEHAY AeHETHonS g tims-demain processing. cRemibis

esti mat or - demby@met) uhit- 4PinCHAENR! chANRY| SBmafd?S BAOS BrbdH TRIrCroRlhe R
chip spacing for an associ ated antenna. [0064] Wthin channel

estimat or 7IRFEVE AR nAachL channel pstimeaton ey vlerive a7atRnnghimpulse iresponsee
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11 channel taps spaced by one chip may be obtained if deépread symbols are obtained at

the chip rate, up to 22 channel taps spaced by half chip may be obtained if despread
symbols are obtained at the twice the chip rate (or chipx2), and so on. For the
embodiment shown in FIG. 7, each channel eétimator derives an 11-tap channel impulse
response estimate at chip spacing for an associated antenna.

[0064] Within channel estimator 710a for antenna 1 (m=1), a multiplier 712

multiplies the despread symbols for antenna m with a complex phasor e /%" to
remove the frequency error k.5 determined by frequency acquisition unit 420. Multiplier
712 provides frequency-corrected symbols at the chip rate to a set of 10 series-coupled
delay elements 722. Each delay element 722 provides a delay of one chip period. A set
of 11 switches 724 couples to the output of multiplier 712 and the outputs of the 10

delay elements 722. Switches 724 are enabled for one chip period in each symbol



remove the frequency error kO determ ned by frequency acquisition
unit 420. Multiplier 712 provides frequency-corrected synbols at the
chip rate to a set of 10 series-coupled delay elenents 722. Each
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738 suns th tgt gl ener%' es fromall R channel estinators
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value. The threshold value may be set to a predetermined percentage of the total energy
for all 11 channel taps.

[0066]  The channel estimator for each remaining receive antenna processes the
despread symbols for that antenna in the manner described above for antenna 1. A
summer 738 sums the total energies from all R channel estimators 710a through 710r
and provides the total energy H for all R antennas. A signal detector 740 compares the
total energy H against a predetermined threshold Hy, and declares signal detection if H
exceeds the threshold Hy. The threshold Hy, may be set equal to, e.g., the received
energy Er for the 128-bit SYNC field times a scaling factor S3, or H,, =E_ -S;.

[0067] A detection probability of better than 99 % and a false alarm rate of less than
10® may be achieved at an SNR of —4 dB using a threshold of S, =14. An aggregate



and provides the total energy Hfor all R antennas. A signal detector
740 conpares the total energy H against a predeterm ned threshold
Ht h and decl ares signal detection if H exceeds the threshold Ha, .
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for the 128-bit SYNC field tines a scaling fact or S3, or Hh = E X
S3 . [0067] A detection probability of B2tter than 99 % and a fal se
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The processing be i npl enented in various manners using har dvare,
sof t war e, atdcffmntlfai somisdater. shPwn inFAEDS.c Signal detection mayiw ashigverbier mdgwere
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mul ti pl exed 49@nr%§prectlve?§m ’ﬁleblpjlfocessmgor%ay be implemented in various manners using

hardware, software, and/or firmware. For example, units 410, 420 and 430 may be
implemented with dedicated hardware or may share hardware. A digital signal
processor (DSP) and/or some other type of processor may perform the processing for
units 410, 420 and 430 in a time division multiplexed manner. Sample buffer 402,
symbol buffer 514, and/or some other buffer may be used to buffer data for processing.
[007 1]V Referring back to FIG. 4, once a PPDU has been detected, a determination is
made whether the received PPDU is for 802.11b/g or the range extension mode, e.g.,
based on the PLCP preamble and/or PLCP header. A DSSS receive processor 440
processes the received PPDU if it is for 802.11b/g. A DSSS receive processor 450
processes the received PPDU if it is for the range extension mode.

[0072] DSSS receive processor 440 performs spectral despreading and
demodulation for 802.11b/g. Within processor 440, a rake receiver/equalizer 442



synbol buffer 514, and/or sone other buffer may be used to buffer
data for processing. [0071] Referring back to FIG 4, once a PPDU
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is for 802.WORWYIYX he range extension node, e.g., baPEd/USH06/PISI1
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processes the received PPDU if it is foR0802.11b/g. A DSSS receive
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[0074] In an embodiment, filter 452 is implemented as a polyphase filter composed
of a bank of N base filters, where N >1. Each base filter is associated with a specific
set of coefficients for a specific time offset. In an exemplary design, filter 452 includes
11 FIR filters, with each FIR filter having four taps. A different base filter may be used
to produce each successive output sample. If the frequency offset is zero, then the 11
base filters may be cycled through in a fixed order, with every 11-th sample coming
from the same base filter. In order to compensate for timing drift, a given base filter
may be skipped and the next base filter may be used instead, or the same base filter may
be used for two successive output samples. Timing adjustment may thus be achieved by
selecting an appropriate base filter in use.

[0075] A frequency correction unit 454 removes the frequency offset in the timing-

adjusted samples for each receive antenna. Unit 454 may be implemented with a



set of coefficients for a specific time offset. In an exenplary
design, filter 452 includes 11 FIRfilters, with each FIRfilter
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each succeé@?%@“&?ﬁ%t sanple. If the frequency offset PSTEHEIY6/030kHN
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embodi ment ST GRS ST ection unit. |

[0078]  FIG. 8 shows a block diagram of an embodiment of phase correction unit

UR

458. Within unit 458, a multiplier 812 rotates each detected symbol from rake receiver

456 by a phase reference 6.; () and provides a corresponding phase-corrected symbol.

A unit 814 generates a hard decision (e.g., +1 or —1) for each phase-corrected symbol.
A multiplier 816 multiplies each detected symbol with the corresponding hard decision
and provides a product for that detected symbol. A unit 818 computes a moving
average of the products from multiplier 816 and provides an averaged product. For
each symbol period, a unit 820 normalizes and conjugates the averaged product and

provides the phase reference 6,,(f) for the detected symbol for that symbol period .

The phase reference may thus be derived by averaging over a window of detected

symbols. The averaging may be designed to account for the fact that the phase
information from the known pilot symbols in the SYNC field is more reliable but may



458. Wthin unit 458, a nultiplier 812 rotates each detected synbol
fromrake receiver 456 by a phase reference B.f (t) and provides a
correspondi ng phase-corrected synbol. A unit 814 generates a hard
deci si on (&YQ20064305%r -1) for each phase-corrected synh8CT/USI06/020541
mul tiplier 816 nmultiplies each detected synbol with the correspondi ng
hard decision and provides a product f&¢ that det ected synbol. A

unit 818 conputes a no age.of the nul tipljer
516 and. pr oBPHRSCUTFLREFEL HegRaR GOl T g S By Bat fhes
820 normal i %ﬁﬁb@%tg%rgg@&@ﬁ t he averaged product and provides the
phase reference 0,,f (t) for the detected synbol for that synbol

period t. THE9phafieferdnar berke thayi@huds Be de@piwiear b‘iﬁoa\,i@\‘fﬁﬂfllsngc‘ﬂW@Pt
a wi ndow of t@;ﬁ&&g&ﬁ% ﬁﬁ@)gha?se c Hé‘ctéav 169 mbeng%&hemngf Q60 may

account for act t ase Information fromthe known pil ot
synbol s in 1ptrer1cE\r‘lN€ réalectoahposen‘rmfeeaple Iphasistcerbeied sambad denedulgedegmbol,
PCT/ | | S2006/ 541 2 [r&n

For the. dot STEdaBretg B ey §boet UL RIIEhBRSRIP o1 5. T8 Ber
[ 0079] Ref elfrr[ddﬂlgtlbxﬁedhefrﬂs Fdeﬁodé].atoa 46@ g pratide a dfilufativh eymisolahdies emist

denodul at i or1 hase- correct d S nbol For BP ul

460 may pr 6‘\%’ éiéo F?YS%F%%?C“E “8‘38 SYspaed as %g‘?rp%‘g”?ag%g@?ﬁl‘? | a
denodul at ed (o800l A dhiRai: AN @sibiRale e ddddRted SHHY inS 8 thandyr
transmtting station 110. For other nodul ation schenes, denodul ator

460 may pr ovPEBlemeRauiaticoRtalaiagE negimeds bydaterleavex @p§ ip Fllave HESH
sent for eagl.abagés geéad@é: E&ddawﬁ%eééylﬁbae TR Auhahee o%mm&emar& WY

A deinterl eaver 462 deinterleaves the denodul ated synbols in a manner
conpl enent aeycodingt peeformed MyeBRE regeqsisr 282 rindFlGly 2 and pravidge roupmié datp. A

FIG 2. FEC r e ' i
manner compPnPar 70 BékeftEE BTt Batl ot Mo SNEEE e B G R0 950,
FIG 2 and providesds aupyurtadaim DSAS reagivel prbessen 440®f the cerived PPRYJ is for

out put data DSS rece Is, 440 450 prov

out put dat aS93-SIBeaR PEEEIY dnbGHEE 38k i POSY e, R BODRR T e
for 802 1ig%cgw]?@BﬁDUT@fdrdl&Sraggwem&mﬂtn}odata from DSSS rece| ve
processor If the received PPDU is for t e ran e extension
P0081] Pl G [0088howda: 4 vty thecins SHORGHELH Fesith Poos L0 dor S0gdble
for 802. 1l bhgy yRNghde&idnRi0H n&e! GRLLIOS pFARERor fﬁﬁﬁh%ﬁls@‘b@Qﬁ§§:ﬁfenéﬁth
may al so be inplemented with other desi isis wthin the

scope of t hethendesigns.cand this igstitdingthe seope ogﬂwewnﬁg Ipgerogdghe é’é@leﬁﬁ@lg
processor 4 O3 £ Y. 1868 #ﬁ‘éﬁ By 985k,
processor ﬁgﬂg’?’sﬁans ?%S?\%r 4;1{03% F%ﬁn 110 qu%g%ﬁggiﬁg gl ng by nIIS) S
recei ve propesewor 240 at transmitting station 110, and the processing by DSSS receive processor

450 is complementary to the processing by DSSS transmit processor 250. FIG. 4 shows
exemplary designs of DSSS receive processors 440 and 450, which may include other
and/or different processing units not shown in FIG. 4.

[0082] FIG. 9 shows a process 900 for performing signal detection for the first
stage. Input samples are despread with a code sequence to generate despread symbols,
e.g., at chip rate (block 912). Products of despread symbols are generated for at least
two different delays (block 914). Each product is generated based on a despread
symbol and a complex conjugate of another despread symbol that is at least one symbol
period earlier. For example, 1-symbol delayed products and 2-symbol delayed products
may be generated as shown in FIG. 5, with each 1-symbol delayed product being
generated with two despread symbols that are separated by one symbol period, and each
2-symbol delayed product being generated with two despread symbols that are

separated by two symbol periods.



450 is conplenentary to the processing by DSSS transmt processor
250. FIG 4 shows exenplary designs of DSSS receive processors 440
and 450, which may include other and/or different processing units
not shown VMO P0E130302 [ 0082] FIG 9 shows a process 900 PET/US006/620M1ing
signal detection for the first stage. Input sanpl es are despread
with a code sequence to generate despredd symbols, e.g., at chip

rate(block cts of desprea e generated for at

| east &g‘gﬁr ent® “QPsbeE"BefBB(,I € §1o %)mtg gc‘f‘?‘ﬂb%ﬁ]&éi@flg ﬂg Xalug for
based on a d@&meezlds theY FRGbrnRAAbRCE 91%). EPhedQidivA0Al s AlaydRArb@icts of pilot
despread synbol s at |east one synbol period earlier. For

exanpl e, 1- sl shgwn ay EC P od\fb&%ntama sz}’ﬁ‘%(?h drlin ey bs rsEBmedPrionis
be gener at e&eﬁ&aﬁ?\?‘éﬁn&l&ﬁﬂ B aQoul r%?a%hsp}eaﬁyﬁbﬁle Wied18¥ eéillaﬂ{e A4LChiso

being generate desprea of's ‘that are separated by one
synmbol peri GUQWJanrdFKbcfh Czrrslyhm)tesw@ fopall qirthel delayshare egmpined r(bloel 918).

W0 20061 130385 PEAT g (o0 7 SR BILANEREE Yufd bF HEARYe Bl fiRed
pro ]Eilcj)(r:';nidf Eﬂph%@ hncdﬁimbjnahdltl’l;] g?m doﬁewgnohag UQSelitm’nrrggilijlg'{f(;ﬁgia aﬁymgi)ltddmr
Dt s ae. Sl Bcamsed oAb, Gl A rEart BREH e SRy vl

summed pri Othyh&thesvA pRAsER Ry e@ ké16dted, bPshokvd iR FIQUANT AftahatilelydiheTdfreiaton
in the wirel ess channel, as al so shown in FIG 5, Correlation

resul ts for Tefuits for theylifferentdplays may b poi-reherengy sembied) . The
correlation éomﬁl t STHOprebdiRe 2615 WTBighalA@haYisdBY i0ethbPt Rt dPYastl! & RhE

hypot hesi ze ases and conbined with the corresponding correlation
resul ts for combingd Sprpletionabuyts, eandbit kempaing Hedceobined semrelatione sesplits

th the | . '
mmy be sel odbant IR o R s} KidefloP ot EeLIVER RERy RIBEE R
results for ’ﬂhbemdng bﬁthe rsigndbisea}m dtmtmhedrbesbdanhéee:nmbmed cotpelagmh results,
0084] Th f th t db d
on the  conBitmad er e B F bikind PEbRe 5ol SRR HRHEHA” oo F hed
correl ati on[0085Yl t FIGaAishSis @Prodeks 100V for phif@sting sigddl etebtidn wish multiple

function of the recei ved ene | ock 920). The tim
signal is al%8: H’é%eéﬁfﬁ%er?éﬁl%aé%%‘ éfr?m%év £ SigRi BiecrsHps: réfi%ﬁqﬁ Hirﬁgelﬂstuged

e.g., by deff@xcs%%ﬁgdeft&ﬁo@bpaelgtdges 5B Ae SR BRAbGRE FREiRbd 8drdyeroth Wndow

(bl ock 922) shows a process 1000 for perform ng

si gnal det e®f Fmb% thlodka AOLR )| Slgnqledegecuon Far dleg first slgees isnsrfigmert ‘Fﬂi@ dime-
t f
ypes of si bR nQ:roﬂgﬁﬁéﬁ B aﬁg&%ﬁe é& Qﬂﬁﬁ(l;fdlq F§1eﬁixe_f{r§{ dst%,gél‘ggucttso?f

detection by the stages are rive receive

a wi ndow ofyrmsbutb mas b Igenarkicd Gdr2it. et gmadiemetceu@lamn basweenhibe fpraducts for
stage is peq fc%r ay an Ikn%wtnI Vhfies for that delay may be performed, and detection may be
| declared based on the correlation results for the at least one delay and the first threshold.
Signal detection for a second stage is performed using frequency-domain processing
and a second threshold (block 1016). For the second stage, energies for multiple
frequency bins may be determined, and detection may be declared based on the energies
for these frequency bins and the second threshold. Signal detection for a third stage is
performed using time-domain processing and a third threshold (block 1018). Multiple
channel taps for a channel impulse response estimate may be derived, and detection may
be declared based on the channel taps and the third threshold. The presence of a signal
is declared based on the outputs of the first, second and third stages (block 1020).
[0086] FIG. 11 shows a process 1100 for receiving a transmission or PPDU. The
timing of input samples is adjusted to obtain timing-adjusted samples (block 1112). The

timing adjustment may be performed with a polyphase filter and/or based on a



dormain correlation and a first threshold (bl ock 1014). For the first
stage, products of synbols may be generated for at |east one del ay,
correl ation between the products for each delay and known val ues for
t hat del ay Wa§o0pd308¢x f or ned, and detection may be decl ZEEVSHRSEWSHN
the correlation results for the at |east one delay and the first
threshol d. Signal detection for a secoR®l stage is performed using

frequency-domai n processin econd threshol d (block 10
the second Seggacy é’#é‘ftgie'@‘é‘%‘f“ﬁ& § PTRAUenCY podisEieRy Hy geQHggﬁ}’@ifGSet in ﬂ?e

det er m ned, aheh GGLELd 108 ¥1€ws REmeed @ BtalinFRGuPBy-LHQeRRLkethSISs (blokk

t hese frequency bi'ns and the second threshold. Si gnal detection for a
third stage li&4). pBref fsequencycesiiegied iSABPIed A Progastrdewish arhanng! gstirpate -2

t hreshol d (lalglggkd Pa%%cgl ol Rin a%&g@é ndbBRSwbidRk mgjﬁaggelphag@w%ﬁe

response estinate na erived, ection ma clared
based on thelemtaahmﬁhbdlaqus camettedte obtuinm phaset’rcmwidymiﬁhle (PresEriSp Tdr the

| decl d.b t.he t f t f
Thira siage it rBTk Pobpat GUBePHnly b 4l Mol b 488G e
r gCEI Vi 39 atHeL PHESER Sﬁthértieﬂfcéeﬁ%ﬁlbgiﬁhﬁay ]tbbmo?gft@d Eaﬂfﬂmn &ﬁ_ln_pri]ia% rdf@ence.
adj usted to_obtain tining-adjysted sanmples ocC e ti
adi ust ment mgjRogBlatien F%IP%% t 9P g‘epBan%E)ﬁ%eé’teidl ?W%l?o FF%!PB@%Q%‘B@E(W&B
WO 2006/ 13030 2n67C 1662 910990208 Admodiftattd W&e%fmreaﬁéat ®[0tkNa92), and

during frequency acquisition. The frequency offset in th

ti i ng- adj ushecd¢inieripgvedssymbolsappiasadedso obtai %CP‘?"@@&@#EV%M%N ed
sanpl es (bl wﬁ Jellll‘ﬁe %:I«%b%sésrcfegié?éﬁc%é:ﬁésﬁﬁ!ﬁ&egltﬁ L:&Stoalﬁlgs PI_-9F §33C6k

with a chan sti nat , using a rake receiver) to obtain
det ect ed symbplemeftod as Kurclivsy performedhizs processont . dee dndividualybipekissmay

are correct eg %ﬁsqugtﬁ%ﬁoxﬁr{ﬁﬁglérO?fo%ﬁéc?@r%r&%%ﬁﬁébl ock 1118). For the

phase corr e€t™ ase re erived based on the
det ect ed syidns8%, anﬂtedahQumﬁﬂaedmeteherndpbemlp&inmwm \mnnn«ymbas For

corrected based .on. the ase ref enc atl o rrred
the phase- c&FTRRIE éae?fﬁ‘g’&qé‘ei 8’a¥ E&&H@ﬁd? 3’%‘31 ‘?525 ord
1120) . The dempRblicd éredy. NIk ﬁélﬁwdﬁl Ripgethapatod, (Hel p@kesaﬂagzl)mts aisetl to

t he deinterl eaved synbols are decoded to_obtain decoded data (bI ock

1124) . [ 008 PRioRE sighdlcdeiestion. cReprigtian. ahdgendiatipe dnay bh PRispEpd fgthin
Figs. 9-11 gRY P& Eé R 1&9@&% §‘;§1c1@i§ lafégﬁeumm@semsqcajeql%ma@irggaep&mgsom

160. The i ndrvi dua may conprise instructions t are

per f or med byDPPOcaligial Sl@(’c)l Hrowessis 'ﬂ\?@lCPSe({HﬁPBEDest@Ian@mab@d logég edepices
may be I t
oy be i ol St R0 el (TRRDY occk 388 CechBEMIEL Ml

t hereof. Fo corardMafsdmmpfdmdsme ricatromin, dctvit;es potbereels¢tmpiai minits desigabdt to
P?r{)r g;g]ntslean%f? de e%u cflons dSchbe hctarleglnbr é’j‘é]o%lbqref\a onltlhe%etc}fon may be
[0089] For a software implementation, the techniques may be implemented with

modules (e.g., procedures, functions, and so on) that perform the functions described
herein. The software codes may be stored in a memory unit (e.g., memory unit 182 in
FIG. 1) and executed by a processor (e.g., processor 160 and/or processor 180). The
memory unit may be implemented within the processor or external to the processor.

[0090]  The previous description of the disclosed embodiments is provided to enable
any person skilled in the art to make or use the present invention. Various
modifications to these embodiments will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied to other embodiments without
departing from the spirit or scope of the invention. Thus, the present invention is not
intended to be limited to the embodiments shown herein but is to be accorded the widest

scope consistent with the principles and novel features disclosed herein.



one or nore application specific integrated circuits (ASICs), digital
signal processors (DSPs), digital si | processing devices (DSPDs),
programmabl e | ogi ¢ devices (PLDs), field programmabl e gate arrays
(FPGAs), processors, controllers, mcro- controllers,

m croprocessors, electronic devicescroiing €l ectronic units designed
to performthe functions described herein, or a conbination thereof.
[ 0089] For a software inplenentation, the techni ques nmay be

i npl enented with nodules (e.g., procedures, functions, and so on)
that perf or matethbd BEpérstmmitiesishdl BedctidiE coiprisiAfte sof t ware codes may
be stored in a nmenory unit (e.g., nenory unit 182 in FIG 1) and

execut ed by &elsraitgsa ofirs{ segpence of clast symbel dalangd prosiustsetsor seg@nce of

The nme i i 5 i p 0 e .
o the. Do st TR Bl B SR Skt BGmPl AEEP 8 syl Shltion
enbodi nieased dnsfiner ad stednd eyrebelblof thabyqupstesesydibiolld thdt bk Jeparatdtbyt O first
make or use the present invention. Various nodifications to these

enbodi nBARROLEEIY: he readily apparent to those skilled in the art,
and t he genegd I,NCd i i i
genepifer finbNCdePbRBscd8ldReH bR sgx&%rﬁb/dé?&yéagag!)d&% #0? glﬁeéé%ﬁﬁence of

enbodi mrents W t hou departing fromthe it or ope o
i nvent i ymbolhusach tdeeomst sepel delaymdt produdtsresating i findre red eldast o Isecond nprodutt

to th nbodi t .ej is.to b ded, t i dest
S ope” SRRt A R B B S SRR TR kbbb
her ei n.sedbnd &f8dVBelhy; A met hod of perform ng signal detection,

conprising: generating a first sequence of first synbol del ayed )
product s f or Pafosedige pereclaffon betisen the Best sequenes ard |knaéfnaxﬁiws to obtain

pr oduct i at least a first product operation based on
first a%lg?g%%%%t sr%%}%%;s of the sequence of synbols that are

separ at ed bypafdrmirgs corsglatdiml betsleaty ;thg) serandtdequenae ad arrdorsk Ru@ne eahies to

second nbol ogxgl a e]g. roducts for the sequence of synbols, each
second SRHPSFC |°3§/f8 “B‘FB‘??H $9¢dsulting fromat |east a second

product opedabdtap (aseenesof 4 §ighal BAEbLIN thel sy TP oRd cdrh@atRBHdaN&e
of synbols that are separated by a second synbol delay; performng

correlation between the first sequence and first known values to

obtain o firsthEQEthel aF L@ iesHets: Performng correl ati on between the
second sequence and second known values to obtain second correlation

resul ts; andthddirstcanhgedopd prodeenepsrasions compmia¢ nmasipkyingnthehfirsf ispmbol by
and second.correl a ior% resul tds. E1 The r’iet hod of .claim 1, wherein:
s of the'second and third symibols, respectivel

compleX conjugate y.
3. The method of claim 1, wherein:

the first and second symbol delays differ by more than one symbol period.

4. The method of claim 1, wherein detecting for presence of a signal based on the first
and second correlation results comprises:

performing a phase rotation of the second correlation results;

combining phase rotated second correlation results with the first correlation results;
and

detecting for presence of a signal based on the combined correlation results.

5. The method of claim 1, wherein detecting for presence of a signal based on the first
and second correlation results comprises:

combining the first and second correlation results; and



the first and second product operations conprise multiplying the

first symbol by conplex conjugates ofy4he second and third synbols,
respectively. 3. The nethod of claim1, wherein: the first and second
synbol delays differ by nore than one synbol period. 4. The nethod of
claiml, wheeshparift gt tdigbihed cBiEaasE feits Aghinda! thRABSIH RRivEADased on
first and second correlation results conprises: performng a phase

r ot at i oppletlatel seosived saerey pf &lleast bye syhelts: conbi ni ng phase rotated
second correlation results with the first correlation results; and
detecting for presence of a signal based on the conbined correlation
resul t s6- 5. Mhuethed hbeervimegadignal detagtione compiasiegt i ng f or presence of

a signal based on.the.first d _second rrel atj results .
conpri ses: c%?ﬂ)elr‘%llnﬁéi I{hﬁ%ﬁ iorfsfft% aﬁﬁ%flegg%so 1 toslyf@ P!’:\??q@'ﬁ%rpé%({ﬂcfssf?r %RB“%Y
conpar i ¢fsdqhenced b kyiatbls acle gt ispnbsledddyed pa@Richidr eack ifse Sbflelce resulting
derived_ based on calculated received energy of at |east two synbols.
6. A melrAwcp Hrst perdpel aperriion bgsed onylitst ang scond syrbels fieg onseoietha plusglity of
pl ural i i i yed products for a

pl ural iﬁu&gcfeg gg uebn%gsg% 0 ggﬁ%aé%dg?éeg%%(g?ﬁ?yhbol del ayed product
for each firgenestiggarphealigsaflsecong sefjuaresof sacend pmoshl delaggkbp@dics for the

based on first .and second s ols fromone of t lLurality. of '
sequencl_ggra(wy & r‘?ﬁ%‘fegc?sh%{j S#@%e??ﬁ{‘aﬁeg%fd;?ynébqli ‘5]‘%5%9)1?’?8 ct fay ggch second
gener atded@erteRbstlttlg from Afse&RRAGRINRL BpQREASHAED 58 TN YRRP IR SREH the
products for the plurality of sequences of synbols, each second

symbol @ efyfeeiplyradigivef seflerncesefsysbeobribiat asesppersted yessaconthgynihod delay;
second produ raf i ' .and third synbols fromthe
one of the p?oh?ﬁﬁﬁgﬁéo@ﬂ%aggﬁ%rggseé{‘lé@%sﬁboI s that are separated by a
second synboperfleméng catslition bgwehe the usmbined pbiralityr &t i€ eRRAES; and first

perform ng correl atjon between the conbined plurality of first
sequen “é{h%PthSrt%P{’ta‘i‘r%\%CW%’é@ 1%l bt ain first correlation

resul ts; conbjiiRgeteplBlauhAdf edorff seg@a@Bd sequences; perform ng
correl ati on between the coribi ned plurality of second sequences and

second knowparfrmex torditian hetyeenrtie coombenedt pbmalitg sofl sespondirsdquences and

detecting for presenc f a si | based on.the first and second

correl af ¥ 1.165%0/'8&%1 eﬁg‘lrﬁcé)ﬁr_e IOBIrEﬁuHF’én_dV\her ein: the first

gnd second pdebebtiaf feResRhid T SQMPbARE oflthd fildt Mhd\@cbhBcdridlffonSTyHne!
y

7. The method of claim 6, wherein:
the first and second product operations comprise multiplying the first symbol by

complex conjugates of the second and third symbols, respectively.

8. The method of claim 6, wherein:

the first and second symbol delays differ by more than one symbol period.

9. The method of claim 6, wherein detecting for presence of a signal based on the first
and second correlation results comprises:

performing a phase rotation of the second correlation results;

combining phase rotated second correlation results with the first correlation results;
and

detecting for presence of a signal based on the combined correlation results.



conpl ex conjugates of the second and third synbols, respectively. 8.
The nmethod of claim®6, wherein: the figst and second synbol del ays
differ by nore than one synbol period. 9. The nmethod of claim6,
wherein detecting for presence of a signal based on the first and

second ¢Qr r elfak inRiihddestidlhitn 6OWREreHEStediBl foF plebiGicd oPRaBMal Bl i0ANhOfirst
the second correlation results; conbining phase rotated second

cor r el adnsecond corredatigngrasulissomiprises: correl ati on results; and

detecting for Se f i gnal based on.the gonbi ned correl ati on
results. 27 CTﬁgﬁﬁﬁQﬁ§§3%8§P%?g%?srﬁ$%¥”wﬁ%95f%“ﬁetecting for

presence of aompgiig tHeassabifed cbelhiios tresult® thgaRe0 AkheShsla! @drived based on
results conprises; conbining the first and second correlation

resul t scalgylgted sepsvied speren ef aldeast eissehdlel ation results against a

t hreshol d derived based on cal cul ated received energy of at |east

two synbols. 11. An apparatus for performng signal detection,

conpri sthg: Aagirpareys feraresioaminggignal detegtiogeeeniestngf first synbol

del ayed prod I i

dol ayed prodiBe L SneaBBRIRIE Ry lnoe DA b Bl RIS TY segence of
based oyribalsteacindirs agmbol dalaged| modict trémitigofience ledst g \firkoprodidi apertion

separ at.ed by firs S ol, delay;, logic fo nerating a secqnd
s equenc@SS‘? °§%ﬁhﬂl‘£§ﬁ?ﬁ%‘i@5ﬂ’é@g§/ Qg¥lber ﬁﬁﬂ?}ﬁrt“? qfrosryg'{%‘?gs t "eﬂfgegﬁﬁ%” atgg %y a first
synmbol syynftdelagcond synbol del ayed product resulting fromat least a

second “product” operation based on first and third synbols of the
sequence of lkogiehfir generating pesecershsaqauress ofy segord spmblolsgeldystl ptedupys for the

| ogic for perfaorm C el ation bet n the first sequence, and first
mown APt B TPl R SeE B Rt Pl BhuRFEERT, R 4 MaSha

per f or nfrogu@ospetdtivhi BRed MWEBH ahl ehié Gethokeall EHC SeqaBitteSET SyMtbHAN N are
val ues to obtain second correlation results; and logic for detecting
for preSBAREAY aseeonshaymbohdeav:on the first and second correl ation

results. 12. 10@%0988%1%%'1% g&i‘nﬂﬁcﬁi lF@t\;Véen Eeﬁrgﬂ; é%guérﬁ@ rﬁf%% Fﬁ?%;&@glnsﬁﬁf&g "

product operat’i ons’ conpr plying t rst sy conpl ex
conj ugathgsindirsttdogektioomtubdnd t hird synbols, respectively. 13. The
apparat us Oflo(g:{ca%orrn ple:llr'forr\ﬁ\ﬂlegr g(;rpe-lation between the second sequence and second known
values to obtain second correlation results; and
logic for detecting for presence of a signal based on the first and second correlation

results.

12. The apparatus of claim 11, wherein:
the first and second product operations comprise multiplying the first symbol by

complex conjugates of the second and third symbols, respectively.

13. The apparatus of claim 11, wherein:

the first and second symbol delays differ by more than one symbol period.

14.  The apparatus of claim 11, wherein the logic for detecting for presence of a signal
based on the first and second correlation results comprises:

logic for performing a phase rotation of the second correlation results;

logic for combining phase rotated second correlation results with the first correlation

results; and



the first and second synbol delays differ by nore than one synbol
period. 14. The apparatus of claim 11, erein the logic for
detecting for presence of a signal baSed on the first and second
correlation results conprises: logic for perform ng a phase rotation

of the secong,gcofk akREdiRfor E&@%ﬁc@ of h Q@n§l B296d GOMHRIcBIBhARBABIAFION AlsEk.

second correlation results with the first correlation results; and
28 logic for detecting for presence of a signal based on the

conbi negs cor i S, 111 g S : i r.el;
Che | 0g) % T of Mraphlftut 87 i LI; SheldlR (PRI Bl Mlet i BbF prkdenct U na
and sechasdd ooitheefimt amsisecesiddarslationpesuite sompoggisc f or conbi ni ng t he

first and second.correlation_results; and |logic fqr copparing the
conbi ned cor Oﬁcaﬁof 8‘?}“&@% tﬁg firsh andh 8qco g??ﬁ%}@tﬁ% r&“ﬁér ?’?fgg based on

cal cul at ed r R f6edoRpRiHbYth todbinke 86frelhiiéh RYMRAUsRinstlfthréMoRIRRAN8d Yiked
for perform ng signal detection, conprising: logic for generating a

pl ur al i @1y caleulpted sqcetyed goerer of ¢fledst twa syaybdsl del ayed products for a
plurality of sequences of synbols, each first symbol del ayed product
for each first sequence resulting froma first product operation
based olp-fi rAn appafaiyie fenngrioyming|signpt dateation, efmpriseng: pl ural ity of

sequences of t e ted by a figfst s |, del a
| ogic for ge%%%g??%%mégﬁﬁﬂﬁg Fﬁ§gﬁﬁﬂ§§%%% Cgagﬁéﬁggg*§?8§%%%ﬁﬁ&%yﬁnga
del ayedlupiliogof $egjubives toligymbaols,adach Yirgfsyibaliéslagsl @bdsy fhodash fRatcRquence

second synbol del ayed product for _each second sequence resulting
from a S8HHAY oy adist Mpdvcttapsrstipn baspdorn first @nd seepndriyppolssiprg g of the

fromt i are

Cepar ny Py of schidhord o o s SECUEAERRH 53y BN dbliS] o

plurality oflogicr fir gegumges ; plhmtjtyc of cecqer fayuencey adsewhdt syorbol delayed
bet ween the .c | ne lurality of firs equences and . first kno

vl voe gt S b Bl o stguenfes of Sl e Sadh s and el dePiked gt for
pl ur al i dah GecRICHYHefRARSIIERS fronP Al fecd®T pRAIEOEHEriEbrC Pise@! At i and third
bet ween the conbined plurality of second sequences and second known

val ues sysnbob fipm theewnel he phwplityiodsequsaeastos symbels|thajiace separathstsca pasgnd
for prqggﬁ@gdaéya signal based on the first and second correl ation
results: : € apparatus of claim 16, wherein: the first and second
product operlagicdoscabipinigsiee plutalitypdf/fintsehencks;r st synbol by conpl ex
conjugates of the second and thjrqd synbols, respectivyel
Iug loglcq”or per orm?ng corre at{on%etvgeen the comblmg,)(ie plura\flty Xf first sequences and
first known values to obtain first correlation results;
logic for combining the plurality of second sequences;
logic for performing correlation between the combined plurality of second sequences
and second known values to obtain second correlation results; and
logic for detecting for presence of a signal based on the first and second correlation

results.

17. The apparatus of claim 16, wherein:
the first and second product operations comprise multiplying the first symbol by

complex conjugates of the second and third symbols, respectively.

18.  The apparatus of claim 16, wherein:
the first and second symbol delays differ by more than one symbol period.



18. The apparatus of claim 16, wherein: the first and second synbol

delays differ by nore than one synbol geriod. 29 1 9. The apparatus
of claim 16, wherein detecting for presence of a signal based on the
first and second correlation results conprises: logic for performng

a phasej 9ot atthgRpPdratub & TREANTH, Gl @h HetcRfing reSonce 89aGidAl based on the
conbi ni ng phase rotated second correlation results with the first

corr el afirgand pecsnd eerrelatinn tegdiscompriseret ect i ng for presence of a
signal b asedlo %opﬁe&(?rﬁghgggpgs%][rgﬁ §1§e f)Pﬁlx[e sggolﬁfi c%frelaagn re-ghl?s appar at us

of claim 16, erern or présence "of a signal

based on t heldgid &k camBiSeE phdse QOtfafeﬂb&bdr@fbdr&ﬁﬂﬂoh&eﬁMWﬁlﬁﬂh& firbto@irlation
for conmbining the first and second correlation results; and logic for
conpar i K§WHé¢onmbi ned correl ation results against a threshol d

derived basegq;of gak&i rgfaf,O cS&RELY§dioh agé’d &{th%tcoin%ﬁi%}l cBHQlaﬁé’ﬁ‘R%l?s

21. An apparat us for pe ng si gna et ection, conprising: nea
for generating a first sequence of first synbol deI ayed products for

a sequepge Qf, %?1?59%? of % & e, Wiergy rﬁ?é)lqggcg g%y(f(;egecplﬁg gre d&'ﬁgl J! afgnal

fromat least a st pro uct dperation gcond
synbol sbaskd bh ¢hestrgummicecafd @ynetamlosmdu‘ets c«amprimpar at ed by a first

synbol del ay ns for.ge ati n con second synbol
del ayed prod{?&cst%f‘c‘)?m]?lﬁﬂl tﬁ%ﬁfﬁéﬁ‘& S‘??Pn VALY "I‘téon 8 ﬁ %‘Eﬁond symbol

del ayed prodgic fofssthpdrig thé eshBined 8adlaforSREARgaRECAHMEIsh IR el EPPased
based on first and third synbols of the sequence of symbol s that are

separ at@tctigulated eaceivad syern Pt atdeasytwassamols.or perform ng correl ation
between the first sequence and first known values to obtain first
correlation results; neans for perform ng correlation between the
second @equeﬁ@@pmi@mséumthKnmmlgnahdeﬁ@&wnoc@mr&mg second correl at| on

results; and_nea for et ec f or ence

the first ang st ecnfs% e 5ar r ﬁirsg%equ% (&5t Sélglbog'ﬂgla\éerﬁl;g%?glfcgs §05fa EHEE
21, whegfadymibolsheachifirst syﬁﬂﬁbl &aﬁwalcbrbdﬁt!ﬂ sl tiigeffih iaDTeast GOMAT prdBuct operation
rruI tiplying the first synbol conpl ex conjugates_of the second and
third g, lrFteaéﬁe%?P‘P%FX}nboi% of {hgeseqpense At ymbplschhal #e Separgisd byj ayiirst

30 symbol delay;

means for generating a second sequence of second symbol delayed products for the
sequence of symbols, each second symbol delayed product resulting from at least a second
product operation based on first and third symbols of the sequence of symbols that are
separated by a second symbol delay;

means for performing correlation between the first sequence and first known values to
obtain first correlation results;

means for performing correlation between the second sequence and second known
values to obtain second correlation results; and

means for detecting for presence of a signal based on the first and second correlation

results.

22. The apparatus of claim 21, wherein:
the first and second product operations comprise multiplying the first symbol by

complex conjugates of the second and third symbols, respectively.

23. The apparatus of claim 21, wherein:



the first and second synbol delays differ by nore than one synbol
period. 24. The apparatus of claim 21,39herein the neans for
detecting for presence of a signal based on the first and second
correlation results conprises: nmeans for performng a phase rotation

of the seconehecttfRidabiRa seHol ddaysBERDY B6reGRIF IR HbBNGERI! Ot at ed
second correlation results with the first correlation results; and

neans for detecting for presence of a signal based on the conblned

correl ag40n 1T8S dppatatus 85 claftR @ 12RMefR U rﬁ@arﬁ'f@if Betéding e Eﬁ‘és&ﬁeh& a signal
means for detecting for presence of a signal based on the first anén

second lased ehdhd st melsﬂmrsi mﬁnﬁogessultsreempnmr conbi ning the first

and second correlatio result for r|n conbi ned
o el ot on’ Tk BL bRt hiss MBEHTT A he b flond SRRt el POt o
recei ved enengynsfor adimbﬁiﬁfgtpHaE@rcﬁat@ﬁécSnd éérrel Morafepafsavitts thedlrst correlation

performn 5|gnal detection, conprising: neans for generating a
pl ural i ©§UHEH s afd st sequences of first synbol delayed products for a

plurality of sequsngas. 8 }E?é?én%e of?gl%ﬂl'bfra%d &m@eéémﬁﬁte@x&@d%&mg&us

for each first sequence “resultin Irst ct operation
based on first and second synbols from one of the plurality of

sequencss Of 1y Biakfud BRlaf 01 SERERR B 1nd bl A8k BUTB bredleor a signal

means for generating a p ura ity of secon sequences-o econ
del ayedaspd onlthzatﬂrstfand sebmldpjomehaltmhyemfts sagpeseses of synbol s, each

second synbol del roduct .for —each. second seguence resultlng
froma secod@eﬁpga gueqmiypinethe frst pudssgonheqrt @Fméﬁ%&FH¥¥H synbol s

from the onemefnst fo d@hﬂfaﬁ n%ttHe QbmBRRH ¥R ftivh &Mﬂeoalgaufshatth?ersﬁold derived
separated by a second del ay; means for conbining t

pl ur al ikagedpn fbalmlatede@me/@deeergpreﬁntsleas@twcpe)mﬂlm ng correl atl on

bet ween the conbined plurality of first sequences and first known
values to obtain first correlation results; nmeans for conbining the
pl ur al i26y ofAsepmﬁduséqwerfceBingma}sddwﬂtiOpe@hmﬁﬁngg correl ation

val e to oAl ‘Sesantog sl e RERTIRR Plo) PSRRI

for presgheitpbf ®qtt@eabl Basts, @icH ikt §ynikl deldedproand f60¢dck lfiétisequence
results. 31 27. The apparatus of claim 26, wherein: the first an

second Tps8HwE froppa st TEhaucE onprafier basadapfitst agd serond isymbolsyfiera|ongypf the
conpl ex;1GRRLHINGSenBEs SNGmBERRAL AN phiRtdathySY AR Ibol §ERGCT 1 Vel y.

means for generating a plurality of second sequences of second symbol delayed
products for the plurality of sequences of symbols, each second symbol delayed product for
each second sequence resulting from a second product operation based on first and third
symbols from the one of the plurality of sequences of symbols that are separated by a second
symbol delay;

means for combining the plurality of first sequences;

means for performing correlation between the combined plurality of first sequences
and first known values to obtain first correlation results;

means for combining the plurality of second sequences;

means for performing correlation between the combined plurality of second sequences
and second known values to obtain second correlation results; and

means for detecting for presence of a signal based on the first and second correlation

results.



28. The apparatus of claim 26, wherein: the first and second synbol
del ays differ by nore than one synbol period. 29. The apparatus of
claim 26, wherein detecting for presence of a signal based on the
first and second correlation results conprises: neans for performng

a phasez7ot attheapgirath6f G867 vaREdig! ation results; neans for
conbi ni ng phase rotated second corr el ation results with the first

correl ati on theeStittand seaendrpendyct eperaiianscedmpyiseonulsipbaegdlee dtstgymbol by
si gnal . j L at | e t 30. The apparat us
of clai %&iﬁgx&ﬁ@?gﬁﬁ&?@é E%gﬁgglﬁ%&u@esb@@? {Shlge%egrﬁvg?"esence of a signal

based on the first and second correlation results conprises: means

for con?é.nl nqht he fi,rst cﬁarﬁgn %V%nd.correl ation results; and neans for-

conparing the %%%a‘lrannelsd()fcorre ati on Fesul ts agai nst a threshold

derived based first fdlsecOndtsgaboledediys liff@nsmadreMhantdnel sgmbbl peMddsynbol s.
31. A conputer-program product for perform ng signal detection,
conprising a nenory wunit having software codes stored thereon, the

sof t war29.c0d¥he BEHaAgue HE CLAirB e Whtredh @eREtind RIrGpriNcAEE 66 8 sfgn@NBaded ®n the
sof tware codes conprising: software codes for generating a first

sequenclirspang sqcerd egrpghaiondesuly semprissict s for a  sequence of synbol s,

each first s I %{.gﬁln [ .ﬁf’% first
pr oduct ope%ﬁa I ofr?gg%ase o%ig %ggoltgﬁ‘ayé%e%gg%%g@ g%%%lgﬁ 0 %lll"}gs’ sequence
of synbol s t meinsafoe canpiaingthdsdnotated §dcosd cayetitain dailaywitlsthitiisstroerrelation

codes for enec{ ating a second sequence of second synbol del ayed
pr oduct®S"o ¢ he sequence of symbols, each second symbol del ayed

product resupbhidof 8Q8 7R fi)ﬁ%é&en@e oB£ 6184 vRsAtIChe BRRbMEA COrAAGE eQilts.
first and third synbols of the sequence of symbols that are

separated by a second synbol delay; software codes for performng

correl ag.on pgt Hﬁﬁll?atﬁsb@f E1bin$ D6 SRALBRCH e b 55 det&dAW For ?f%kéifc@ ofQ signal

obtain first correlation results; software codes for "pertformng
cor r el hasehob drevisiandsecadoonmdlatenmesnliecemprisecond 32 known val ues

to obtain secgnd orrel.ati 31{‘1 eﬁulé S; a(gd s?fttware tc,od s for

det ecting foft g}s ereRge esna 4 FEYEHR atﬁ’é”?ﬁullg’t nd second
correl ation megisl £o8.cogiparing @héredbmbihe@f cotdeRuitibh I&sultehiaiisna thighdllrdetived
and second_ product operations conprise nmultiplying the first synbol

by corfseskor eHfatgd secehied eperey et deash i RS- synbol s, respecti vel y.

31. A computer-program product for performing signal detection, comprising a memory
unit having software codes stored thereon, the software codes being executable by one or
more processors and the software codes comprising:

software codes for generating a first sequence .of first symbol delayed products for a
sequence of symbols, each first symbol delayed product resulting from at least a first product
operation based on first and second symbols of the sequence of symbols that are separated by
a first symbol delay;

software codes for generating a second sequence of second symbol delayed products
for the sequence of symbols, each second symbol delayed product resulting from at least a
second product operation based on first and third symbols of the sequence of symbols that are
separated by a second symbol delay; _

software codes for performing correlation between the first sequence and first known
values to obtain first correlation results;

software codes for performing correlation between the second sequence and second



33. The nethod of claim 31, wherein: the first and second synbol

del ays differ by nore than one synbol period. 34. The nethod of claim
31, wherein the software codes for detecting for presence of a

signal based on the first and second correlation results conprise:

sof t war en&wal @sluéOo oBeih McBhd Borfel MtASRsulRt add on of the second
correlation results; software codes for conbining phase rotated
second cor r ebeftwan cpgesfor slefgcting forepresanse of @otignal gqunorr theufitss anchgerond
sof t war detecting for presence of a signal based on the
conbine%nggggie%aﬁlon results. 35. The nethod of claim 31, wherein
detecting for presence of a S|gnal based on the first and second
correlagéon &ﬁsu% S, 3 hépftmare codes for conbining the first
and second corfe I& on ré? g &Mt sof tware codes for conparing the

conbi ned cor thel fifst @Ad rsesatidt frodgéri Hisdratibns M@fsﬂmbdnulﬁgrym/gedlebﬁ&e@ymeol by
cal cul ated received energy of at_ |east two synbals. A

conput e$QpPlsH P%Hil%ﬂt‘?ﬁdtfé}@e $e@f>n<b@rrdr @FfﬁﬂSW@bgthﬁ‘i’ﬁ?ecﬂﬁléct i 0 n, conprising
a menory unit having software codes stored thereon, the software
codes bei ng executable by one or nobre processors and the software
codes eeﬁprlEh%gwﬂ@épfﬁbﬂé3é06h@ﬁﬁbr generating a plurality of first

eduences of ey a3 YRy IRy AR ¢ Fifort UerrS shhBbnidtod

first sequence resulting froma first product operation based on

first SeppNMh ARG al%’l g vgl?e?c?m {l ts&ﬁ\ggr:eq:r e%é f’o¥ d%{e]g@? qf'o? ggsgnge of a

synbol s t'hat “are separate I'rs
f or gengdgadl ibagdanpheifisst aﬁd/saabmaﬁmﬁumaquﬂn@@eﬁqpﬁfse second synbol

del ayed products for t plurality of se uences of synbol s, each
second synbof® btggﬁ%ta Rhase ritipngd. %‘E%Q?éﬁ?l?élopé% {8 ng

froma s econﬂ)ﬂWa?éj U&ies GBe E@ﬁﬂaﬁ’i g r&8tcki sre nd @d}félétﬁhrrgsﬁ%@f?ﬁ $he first

fromthe one of the plurality of ‘sequences o nbol s that are
separ atedrelptiongesiis;omd synbol del ay; software codes for conbining the

I it f_fa rst ft des .f f ] :
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first kiewhtioakeristo obtain first correlation results; software
codes for conbining the plurality of second sequences; software codes
for performng correlation between the conbined plurality of second

sequences anthes@edod of BRVA 3v alvieid fetdtngi fOr HREGRE of AlsIgRhPbdsed on the first
results; and software codes for detecting for presence of a signal

based c¥disaeond;qoselating reselinprmprises:
software codes for combining the first and second correlation results; and

software codes for comparing the combined correlation results against a threshold

derived based on calculated received energy of at least two symbols.

36. A computer-program product for performing signal detection, comprising a memory
unit having software codes stored thereon, the software codes being executable by one or
more processors and the software codes comprising:

software codes for generating a plurality of first sequences of first symbol delayed
products for a plurality of sequences of symbols, each first symbol delayed product for each
first sequence resulting from a first product operation based on first and second symbols from
one of the plurality of sequences of symbols that are separated by a first symbol delay;

software codes for generating a plurality of second sequences of second symbol

delayed products for the plurality of sequences of symbols, each second symbol delayed



correlation results. 37. The method of claim 36, wherein: the first
and. second product operations conprisesjrultiplying the first synbol
by conpl ex conjugates of the second and third synbols, respectively.
38. The nethod of claim 36, wherein: the first and second synbol

del ays gidduer fdpeatiDs&oht) dbquenee sastuttidl i ia0sbcomPproliier speidtiod Wiked baifirst
36, wherein detecting for presence of a signal based on the first

and sec®ad ik syabels %ﬁnﬁl&mq of the phwality of saayrrees 08 syBbRls thap are separated by
per form tion of the second correlation results;
softma?%@gg%gggﬁgglggﬁﬁining phase rotated second correlation results
with the firsoftwaercoédsebr combiesiglthsplueatity sifitstwegecrcosies f or det ecting

for presence of a signal. based on the conbined correlatiqn results.
40, The. et hSUBHE GoUFofgbeTES (ORRRUt PR oeD thp coubied Jpralty of firs

si gnal QapefcedAnd hiest khéwh valdBdioSHeAn dird br§hAsA RBulEESUl ts conpri ses:
sof tware codes for combining the first and second correl ation

resul ts; andsefbrarasedesdodensnfioingdeonplaralifigof sseonsiosehiienses;cor r el at i on
resul ts agai E'(?ﬁwﬁ‘{e tcpaéessﬁﬁ) l{;?grffn%%lé chg'elgﬁgl? get%eﬁ %ecgén%iggd {)ﬁlcr:aeﬂty% second
energy of at 1Teas WO synpol's.
sequences and second known values to obtain second correlation results; and
software codes for detecting for presence of a signal based on the first and second

correlation results.

37. The method of claim 36, wherein:
the first and second product operations comprise multiplying the first symbol by

complex conjugates of the second and third symbols, respectively.

38. The method of claim 36, wherein:
the first and second symbol delays differ by more than one symbol period.

39.  The method of claim 36, wherein detecting for presence of a signal based on the first
and second correlation results comprises:

software codes for performing a phase rotation of the second correlation results;

software codes for combining phase rotated second correlation results with the first
-correlation results; and

software codes for detecting for presence of a signal based on the combined

correlation results.

40. The method of claim 36, wherein detecting for presence of a signal based on the first
and second correlation results comprises:

software codes for combining the first and second correlation results; and

software codes for comparing the combined correlation results against a threshold

derived based on calculated received energy of at least two symbols.



